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The Origin and Development of Estrogen-Induced 


Uterine Metaplasia 


WALTER J. BO, Ph.D., Grand Forks, N. D. 


The literature in the past few years has 
contained many reports on metaplasia of 
the uterine epithelium due to estrogen stim- 
ulation. The results have demonstrated that 
prolonged treatment of adult rats,’* guinea 
pigs,’ and with estrogen causes 
metaplasia of the lining epithelium of the 
uterus. It has also been demonstrated that 
short periods of prepuberal treatment with 
estrogen induces metaplasia of the uterine 
epithelium of the rat.*"! 


mice * 


Although all authors agree that metaplasia 
of the uterine epithelium can be induced in 
experimental animals by estrogen, there is 
no agreement on the manner of origin and 
development of the metasplastic epithelium. 
Loeb, Suntzeff, and Burns * believe that in 
the mouse true metaplasia of the uterine 
epithelium may occur. However, they sug- 
gested that in most instances the stratified 
squamous epithelium which appeared in the 


Submitted for publication June 17, 1957. 

Present address: Department of 
University of North Dakota 

Departments of Anatomy, University of Cincin- 
nati and University of North Dakota 
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National Vitamin Foundation, Inc., New York. 

A part of the data in this paper was included in 
a dissertation submitted to the Faculty of the 
Graduate School of the University of Cincinnati 
in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. Dr. William B. 
Atkinson and Dr. James G. Wilson helped during 
Also Dr. C. J. 
Hamre helped in preparing the manuscript 


Anatomy, 


the course of the investigation 


uteri of estrogen-treated mice had been pro 
duced by a forward extension of the strati- 
fied epithelium of the cervix. They felt that 
the forward extension of the epithelium of 
the cervix into the horns of the uterus was 
preceded by ulceration of the mucosa of the 
uterus. 

Fluhmann reported that stratified 
squamous epithelium may be produced in the 
uterus of estrogen-treated rats by two 
separate and distinct methods, depending 
upon the epithelium involved. First, by a 
process he has called prosoplasia, the cer 
vicovaginal epithelium is converted into a 
stratified squamous epithelium. This he be- 
lieves occurs as a direct response to hormone 
treatment. Second, he believes that squamous 
metaplasia of the epithelium of the cornua 
of the rat uterus is preceded by extensive 
degeneration of the uterine epithelium. Dur- 
ing the process of degeneration some of the 
cells survive and form plaques of squamous 
epithelium which, after growth and exten- 
sion, form a continuous stratified squamous 
epithelium. The above author considers this 
to be an indirect regenerative squamous 
metaplasia and that it is a reparative process 
which is secondary to the primary effect of 
direct destruction of the original epithelium 
by the hormone. 

Gilten * believes that a true metaplasia 
of the uterine epithelium of rats following 
estrogen stimulation can occur. He suggests 
that though a forward extension into the 
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uterus of the cervicoepithelium may occur, it 
is also possible that a stratified epithelium 
produced in the uterus by metaplasia may 
spread caudally to become continuous with 
the epithelium of the cervix. I have re- 
ported ® that true metaplasia of the uterine 
epithelium of the rat follows estrogen stim- 
ulation.* The present paper is a detailed 
report of the completed study on metaplasia 
of the uterine epithelium of rats induced 
by treatment with estrogen. 


Materials and Methods 


Young female rats were employed in_ this 
experiment because it was assumed that response 
of the epithelium of the uterus could be obtained 
before maturation of the ovary and the complicat- 
ing physiological conditions of puberty appeared. 
Fifty-five female rats of the Wistar strain born 
and raised in our colony were used in this experi- 
ment. Beginning on the seventh day of age each 
rat received a single subcutaneous injection of 2.0 
mg. of estradiol dipropionate +t per week. Five 
rats were killed at 3-day intervals, from the 3d day 
through the 27th day after the first injection. 
Five rats were killed on the 33d day, and five 
animals, on the 39th day after the initial injection 
of estrogen. 

The animals were killed with chloroform and 
autopsied immediately. The uteri were fixed for 
12 to 24 hours in Zenker’s solution. After washing, 
dehydrating, and embedding in paraffin, complete 
serial sections of each uterus were cut at 6. 
Every 10th section was mounted and stained with 
Weigert’s iron and hematoxylin and eosin. 


Results 


The histological structure of the infantile 
uterus of the 7-day-old rat was similar to 
that described by Wiesner’ (Fig. 1). 
Squamous metaplasia was not observed in 
the uteri of rats autopsied from the 3d 
through the 15th day after the first injec- 
tion (Table). However, the luminal 
columnar epithelial cells of the uteri of these 
animals were, for the most part, slightly hy- 


*A part of the data included in this paper was 
presented at a symposium sponsored by The 
National Vitamin Foundation, Inc., 1957. 

+ The estradiol dipropionate used in this study 
was supplied by the Ciba Pharmaceutical Products, 
Inc., Summit, N. J. 
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Fig. 1.—Photomicrograph of a section of the 
uterus of an animal autopsied on the seventh day 
of age, demonstrating the structure of the organ 
at the start of estrogen stimulation. Weigert’s iron 
hematoxylin and eosin; < 160. 


pertrophied, thereby indicating some re- 
sponse to estrogen stimulation had occurred. 
In a few of the animals the lining epithelium 
of the uteri consisted only of low columnar 
cells, while in other rats the luminal epi- 
thelium possessed a few vacuolated cells and 
appeared pseudostratified. 

Squamous metaplasia of the uterine 
epithelium was found in the majority of the 
rats autopsied on the 18th through the 39th 
day after the first injection with estrogen. 
Metaplasia was observed to begin as separate 
foci of multiplication of the basal cells of 
the epithelium (Fig. 2). By this process 
the original columnar epithelial cells became 
separated from the basement membrane by 
areas of stratified epithelial cells (Figs. 3 to 
5). With the loss of the original columnar 
cells and multiplication and differentiation 
of the new stratified epithelial cells numerous 
areas of the uterus came to be lined with 
stratified squamous keratinizing epitheliam 


Induction of Epithelial Metaplasia in the Rat Uterus 
by Weekly Administration of Estradiol 
Dipropionate, Beginning at Seven Days 
of Age* 


Autopsied, No. Animals Extent of 
No. Animals Days After Showing Squamous 
Ist Lajection Metaplasia Metaplasia 


a 3-15 
5 18 ‘ + 
5 21 4 ++ 
4 4 ‘ ++ 
5 4 ++ 
5 % 2 +++ 
5 ‘ ++ 


* 2.0 mg. per week. 
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Fig. 2.—Photomicrograph of a portion of the 
luminal epithelium of the uterus, demonstratin 
the earliest change observed in the formation o 
the metaplastic epithelium. The basal cells have 
divided, and the columnar epithelial cells have been 
elevated from their original position. The rat 
received a total dose of 8.0 mg. estradiol diprop- 
ionate. Weigert’s iron hematoxylin and eosin; 
< 420. 


(Fig. 6). With increase in multiplication 
and differentiation of the basal cells of the 
uterine epithelium the lumen was eventually 
lined with a continuous stratified squamous 
keratinizing epithelium. 

K-vidence that destruction of the original 
epithelium preceded formation of the strati- 
fied squamous epithelium could not be found 
in the material of this study. In eight ani- 
mals the lumina at the cephalic end of the 
uteri were obliterated with granulation tissue, 
which was probably formed after the de- 
struction of the original luminal epithelial 
cells had occurred (Fig, 7). 


Comment 


It has been suggested by other investiga- 
tors that squamous metaplasia of the uterine 
epithelium of rats treated with estrogen is 
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ESTROGEN-INDUCED UTERINE METAPLASIA 


not a direct effect of the hormone but a 
reparative process which is secondary to the 
primary effect of destruction of the epi- 
thelium by the estrogen." The results 
obtained in the present investigation demon- 
strate rather clearly that uterine epithelial 
metaplasia induced by estrogen begins as 
many independent foci located along the 
uterine horns which finally coalesce and re- 
place the original epithelial cells by a strati- 
fied squamous keratinizing epithelium. 

The phenomenon of metaplasia that oc- 
curs in epithelia is little understood. The 
cells that give rise to the stratified squamous 
epithelium have not been clearly identified. 
From his studies, Gilten '* received the im- 
pression that in some areas a direct trans- 
formation of the into 
stratified squamous occurred. 


columnar cell 


epithelium 


Fig. 3.—-Photomicrograph of a portion of the 
uterine epithelium, showing another early stage in 
the formation of the metaplastic epithelium. The 
intact original epithelial cells rest on the abnormal 
epithelium. The rat received a total dose of 8.0 
mg. estradiol dipropionate, Weigert’s iron hema- 
toxylin and eosin; 420. 
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Fig. 4.—-Photomicrograph of a portion of the 
uterus, demonstrating further growth of the 
metaplastic epithelium. Original luminal cells 
resting on the stratified squamous epithelium. The 
animal received 8.0 mg. estradiol dipropionate 
Weigert's iron hematoxylin and eosin; 160 


Fluhmann '7"* considers the transformation 
of the basal cells to a stratified squamous 
Moty 


loff '** does not consider the presence of 


epithelium as indirect metaplasia. 


stratified squamous epithelium in the uterus 
as justification for assuming a process of 
metaplasia. According to Motyloff'® all 
incidences of ectopic stratified squamous 
epithelium could be explained by the hetero- 
plastic development of the basal cells. From 
the present experiment it can be concluded 
that the basal cells give rise to the stratified 
squamous epithelium of the uterus following 
estrogen treatment. 

In discussing the formation of stratified 
uterus, the 
theory of Zuckerman *” on the development 
of the epithelium has to be considered. This 


squamous epithelium the 


theory maintains that the formation of strat- 
ified squamous epithelium due to estrogen 
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treatment is the primary response of tissue 
in whose development the urogenital sinus 
played a direct or an indirect part. It is 
unlikely that the observations from the 
present investigation support the theory, for 
multiple foci of stratified squamous epithe- 
lium were located throughout the uterine 
horns. In order to explain the foci of meta 
plastic epithelium, according to Zuckerman’ s 
theory, it would be necessary to postulate 
the migration of cells from the urogenital 
sinus. Fluhmann considers the basal 
cells to arise from the division of the 
columnar cells. 

Destruction of the original epithelial cells 
was not observed to precede the develop 
ment of the metaplastic epithelium. The 
change appears to be a true metaplasia 
resulting from the direct action of estrogen 
on the epithelial cells and not an indirect 
regenerative squamous metaplasia. In some 


Fig. 5.—Photomicrograph of a portion of the 
uterus, demonstrating further extension of the 
metaplastic epithelium. The original luminal cells 
are sloughed off into the lumen. The animal 
received 10.0 mg. estradiol dipropionate. Weigert's 
iron hematoxylin and eosin; 160. 
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of the animals granulation tissue was present 
in areas where the luminal epithelium of 
the uterus had been destroyed. In studying 
the repair of cervical erosion in the human, 
Meyer, quoted by Motyloff,’® observed gran 
ulation tissue to appear soon after the loss 


of the epithelium. From the present study 
the new cell growth was not associated with 
the presence of the granulation tissue. 

It is important to note that the stratified 
squamous epithelium observed following 
estrogen stimulation and that which occurs 
in vitamin A deficiency are similar, In vita- 
min 
observed atrophy of the original epithelium 
to precede the proliferation and differentia 
tion of the stratified 


squamous epithelium. They called the proc- 


basal cells into a 
ess a keratinizing metaplasia. However, the 


change occurs only in the intact vitamin 


Fig. 6.—Photomicrograph of a portion of the 
uterus, demonstrating extensive keratinization of 
the metaplastic epithelium. The dark-staining cells 
in the connective tissue of the endometrium are 
eosinophils. The rat received 8.0 mg. of estradiol 
dipropionate. Giemsa stain; >< 160. 


ESTROGEN-INDUCED UTERINE METAPLASIA 


A-deficient rats Wolbach and Howe ?': 


. « inf 


Fig. 7.—-Photomicrograph of a portion of the 
uterus, showing the presence of granulation tissue, 
which has filled the entire lumen after destruction 
of the original epithelium. The rat received 8.0 
mg. estradiol dipropionate. Weigert’s iron hema- 
toxylin and eosin; & 160 


A-deficient) rats or in 
vitamin A-deficient rats treated with estro- 
gen.**% Tissue vitamin A deficiency fol 
lowing estrogen been 
suggested as a possible contributing factor 
in the production of stratified squamous 


epithelium.'* 


oophorectomized 


stimulation has 


Summary 


Female rats of the Wistar strain were 
treated with 2 mg. estradiol dipropionate per 
week, The injections were started on the 
seventh day of age, and five animals were 
autopsied every three days from the 3d 
through the 27th day after the first injec- 
tion. Five of the remaining animals were 
killed on the 33d day, and five rats were 
killed on the 39th day after the start of 
estrogen treatment. 

Squamous metaplasia of the uterine epi- 
thelium was observed in the majority of 
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the animals autopsied on the 18th day 
through the 39th day after the fist injection. 
The observations made indicate that estro- 
gen-induced uterine metaplasia begins as 
numerous independent foci which are lo- 
cated along the uterine horns. These foci 
eventually coalesce and replace the original 
luminal epithelium with a stratified squa- 
mous epithelium. The abnormal growth 
appears to be a direct effect of estrogen 
stimulation and not a reparative process 
which is secondary to the primary effect 
of direct destruction of the original epithe- 
lium by the hormone, 

The cells that give rise to the metaplastic 
epithelium of the uterus following estrogen 
stimulation were observed to be the basal 
cells of the luminal epithelium, 
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of the Rat Uterus 


WALTER J. BO, Ph.D., Grand Forks, N. D. 


Glycogen, cytoplasmic ribonucleic acid, 
and alkaline phosphatase of the normal rat 
uterus have been studied by histochemical 
methods. It has recently been shown that 
the glycogen of the rat uterus is limited to 
the muscle cells of the myometrium; in the 
proestrous animal the material is abundant 
through the longitudinal layer but is irreg- 
ularly distributed in the circular layer, while 
in the diestrous uterus the glycogen content 
of the longitudinal muscle layer is greatly 
reduced and that of the circular muscle layer 
has disappeared entirely.’ Wislocki and 
Dempsey * observed cytoplasmic basophilia 
to be present in the uterus of the rat, but no 
statement of the possible relation of baso- 
philia to the estrous cycle was presented in 
their report. However, estrogen stimulation 
has been shown to increase the cytoplasmic 
ribonucleic acid of the rat uterus.* Pritch- 
ard* reported that alkaline phosphatase 
activity of the uterus epithelium varied with 
the estrous cycle of the rat. The d‘stal band 
of the luminal cells was found to show the 
highest activity at proestrus and estrus, 
while lowest observed at 
diestrus. However, the phosphatase activity 
of the nuclei and distal cytoplasm of the 
luminal cells is lowest during proestrus and 
highest during diestrus. 


activity was 


The distribution of glycogen, cytoplasmic 
basophilia, and alkaline phosphatase in ab- 
normal uteri, particularly in epithelial meta- 
plasia of the rat uterus, has not been 
reported. One of the methods used to pro- 


duce and study uterine metaplasia is 
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Histochemical Observations on Metaplastic Epithelium 


prolonged estrogen stimulation.* With use 
of this method to produce epithelial meta- 
plasia, the present investigation was under 
taken to study the presence and distribution 
of glycogen, cytoplasmic basophilia, and 
alkaline phosphatase in the stratified squa- 
mous epithelium of the rat uterus, 


Materials and Methods 


Twenty-eight rats of the Wistar strain were 
used in this study. The animals received a single 
subcutaneous injection of 2.0 mg. estradiol 
dipropionate * per week, which was started on 
the seventh day of age. Four experimental 
animals were autopsied on the 9th, 15th, 18th, 21st, 
27th, 33d, and 39th day after the first injection of 
the estrogen. The rats were killed with chloroform, 
and the uteri were fixed immediately. A portion 
of each uterus was fixed in cold acetone and in 
cold modified PAF (10% formalin in 80% ethy! 
alcohol saturated with picric acid). After fixation 
the tissue was dehydrated and embedded in paraffin 
(52 C), and sections of the PAF-fixed tissue 
were cut at a thickness of 10u, while the sections 
of the acetone-fixed tissue were cut at a thickness 
of 6p. The different histochemical techniques 
employed to demonstrate glycogen, cytoplasmic 
basophilia, and alkaline phosphatase were as fol- 
lows. 

Polysaccharides.—The sections were treated with 
periodic acid and then stained with leukofuchsin, 
with use of the procedure of McManus.’ Both 
glycogen and mucopolysaccharides are stained 
reddish purple by this technique. In order to 
distinguish between them control sections were 
incubated for an hour in 1% malt diastase buffered 
at pH 68 to remove the glycogen before applying 
the periodic-leukofuchsin procedure 
stain was used, 

Cytoplasmic Ribonucleic Acid.—The sections 
were stained with toluidine blue in a citrate buffer 
at pH 45 for one hour at 37 C. In order to 
determine the amount of stainable material that 


No counter 


* The estradiol dipropionate used in this study 
was supplied by the Ciba Pharmaceutical Products, 
Inc., Summit, N. J 
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Fig. 1.—Photomicrograph of a portion of the 
metaplastic epithelium of the uterus. The section 
was stained by the periodic acid and leukofuchsin 
method, Note the dark granules scattered through 
out the metaplastic epithelium; > 740 


was due to ribonucleic acid parallel sections were 
incubated with a solution of crystalline ribonuclease 
(1 mg. per 100 ce. buffered at pH 68) for one 
hour at 56 C. These controls were then stained 
with toluidine blue as mentioned above. No 
counterstain was used 


Alkaline 
treated with 1% sodium glycerophosphate sub 


sections were 


strate for two hours at 37 C and treated according 
to the technique of Gomori.” The presence of 
alkaline phosphatase activity was demonstrated by 
dark deposits of cobalt sulfide in the tissues. The 
sections were counterstained with eosin and 
mounted with dammar dissolved in tetrachlorethy 
lene 


Results 

Polysaccharides.-\n_ the stratified epi- 
thelium that occurred following estrogen 
stimulation small numbers of glycogen 
granules were observed in the epithelial cells 
(Figs. 1 and 2). In the areas where meta 
plasia was not present glycogen granules 
were observed in the apical portions of the 
luminal cells. The distribution of glycogen 
in the tunica muscularis was similar to that 
previously reported in the oophorectomized 


estrogen-treated rats.". However, the amount 


of glycogen appeared to decrease in the 
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Fig. 2. Photomicrograph of a control section, 


close to that illustrated in Figure 1, which was 
incubated in malt disastase to remove glycogen 
before staining. Note absence of glycogen granules 
from the metaplastic epithelium. Residual color 
in the section is due to staining of-mucopolysac- 
charides and glycoprotein; * 740 


tunica muscularis with the prolonged estro- 
gen treatment. 

Cytoplasmic Ribonucleic Acid.—-A marked 
amount of cytoplasmic basophilic material 


Fig. 3.—-Photomicrograph of a portion of the 
metaplastic epithelium of the uterus. The section 
was stained with toluidine blue. Note the dark 
coarse granules in the basal and intermediate cells 
of the stratified epithelium, while the superficial 
cells contain scattered fine granules; * 74( 
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Fig. 4.—Photomicrograph of a control section 
close to that illustrated in Figure 1, which was 
incubated with a solution of ribonuclease to remove 
the cytoplasmic ribonucleic acid before staining. 
Note absence of the basophilic granules; 740 


was present in the epithelial metaplasia. 
Dark coarse granules were observed in the 
basal and intermediate cells of the stratified 
squamous epithelium, while the superficial 
cells contained fine granules which were not 
too numerous (Figs. 3 and 4). The baso- 
philic material in the luminal epithelium that 
did not show any epithelial metaplasia was 
located primarily in the apical portion of 
the cell. 

Alkaline Phos phatase.-Deposits of cobalt 
sulfide, indicating the presence of alkaline 
phosphatase, were observed in the meta 
plastic epithelium of the uterus. The ma 
terial was present in the intermediate and 
superficial layers of the stratified squamous 
epithelium, while none was present in the 
(Fig. 5). the 
lining cells not showing metaplasia, alkaline 


stratum germinativum 


phosphatase activity was observed at the 
free border of the cells and slight activity 
was present in the apical portion of the cells. 
No alkaline phosphatase activity was ob- 
served in the tunica muscularis. 


Comment 
The has 


onstrated that glycogen, cytoplasmic ribo- 


present investigation dem 
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Fig. 5.—Photomicrograph of a portion of the 
uterus, demonstrating the presence of alkaline 
phosphatase activity in the metaplastic epithelium. 
The enzyme is present only in the intermediate 
and superficial layers of the stratified epithelium 
85. 


nucleic acid, and alkaline phosphatase activity 
are present in estrogen-induced metaplastic 
epithelium of the uterus, The significance 
of glycogen in the cells of the metaplastic 
uterine epithelium is uncertain at the present 
There is evidence that the most im 
portant single factor which determines the 
rate of mitosis in tissue, such as mammalian 


time. 


epidermis, is the energy supply within cells, 
which depends upon the intracellular avail 


' In vitamin 


ability of glucose derivatives. 
A-deficient 
present primarily in the intermediate layers 
of the stratified epithelium of the uterine 
glands."” 
observed in the metaplastic epithelium of 
a cervical gland.” 


rats glycogen granules were 
In the human, glycogen was not 


In 1948 Caspersson*® reviewed the rela 


tion of cytoplasmic ribonucleic acid to pro 


tein synthesis and presented evidence that 
cytoplasmic ribonucleic acid is essential for 
the synthesis of proteins. Krom histochem 
ical observations, a link between ribonucleic 
acid and protein synthesis has been sug 
gested. Since in squamous metaplasia there 
is proliferation of cells, which indicates an 
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increase in protein synthesis, a marked 
amount of cytoplasmic ribonucleic acid is 
present. The distribution of cytoplasmic 
basophilia in the stratified squamous epithe- 
lium of the uterus is similar to the findings 
observed by Kamell and Atkinson ™ in the 
mouse vagina following estrogen stimulation. 
The depth of staining decreased progres- 
sively from the stratum germinativum to 
the free surface of the epithelium. 

Alkaline phosphatase activity has been 
associated with active cell proliferation. By 
chemical analysis, Fuenzalida " reported in- 
tense alkaline phosphatase activity in atypi- 
cally proliferating uterine epithelium in the 
guinea pig. Bern ™ reported alkaline phos- 
phatase activity in the metaplastic epithelium 
of the mouse anterior prostate following 
estrogen stimulation, and Giering ™ observed 
pronounced enzymatic activity in cystic 
glandular hyperplasia of the endometrium 
in estrogen-treated rabbits. 

Whether or not alkaline phosphatase has 
a role in fibrous protein synthesis has not 
been definitely determined. From the stud- 
ies on tissue regeneration,’* a possible 
relationship between alkaline phosphatase 
and fibrous protein synthesis was suggested. 
Such a relationship is supported by the 
work of Bradfield ® on protein secretion in 
invertebrates, On the other hand, Roche 
and Bern concluded from their investi- 
gation that alkaline phosphatase activity did 
not accompany fibrous protein synthesis in 
all cases. Bern ™ suggests that the enzyme 
may not be present in association with 
keratin per se but rather with the keratin 
that is actually being synthesized. The re- 
sults obtained in the present study indicate 
that alkaline phosphatase activity is not 
necessarily associated with the presence of 
keratin. 

The distribution of alkaline phosphatase 
in the stratified metaplastic epithelium of 
the uterus was similar to the distribution of 
the enzyme in the rat vagina following 
estrogen stimulation.’? However, it differs 
from the distribution in the mouse vagina, 
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where the enzyme is located throughout the 
stratified epithelial cells."° 


Since phosphatases are concerned with 
carbohydrate metabolism, it has been sug- 
gested that a relationship exists between 
alkaline phosphatase and glycogen deposi- 
tion. Wislocki and Dempsey * proposed the 
idea that the phosphatase should be present 
in a region supervening between the source 
of sugar and the location in which glycogen 
deposition is occurring. However, the ana- 
tomical region containing the phosphatase 
is not a constant one, for it may be located 
in the same cell as the glycogen. In the nor- 
mal human endometrium glycogen was ob- 
served to be deposited at the expense of 
alkaline phosphatase.** Moss, Wrenn, and 
Sykes,”* reported that an inverse relationship 
exists between alkaline phosphatase and 
glycogen deposition in the bovine uterus. 
The results from the present investigation 
indicate that an inverse relation exists be- 
tween glycogen and alkaline phosphatase in 
the metaplastic epithelium. 

Cytoplasmic ribonucleic acid and glycogen 
deposition have also been considered to be 
inversely related.* Cells that are actively 
engaged in protein synthesis do not store 
glycogen but contain a great amount of 
cytoplasmic basophilia and vice versa. The 
results from the present study indicate that 
such a relationship exists. 

Squamous metaplasia is similar in appear- 
ance to carcinoma in situ of the human 
cervix. However, the former is a benign 
lesion, while the latter is a neoplastic lesion. 
If it can be assumed that squamous meta- 
plasia per se present in the rat and in the 
human is the same, the observations made 
in the present study indicate that a histo- 
chemical difference exists between squamous 
metaplasia and carcinoma in situ. In meta- 
plastic epithelium glycogen is present in 
small amounts, a marked amount of cyto- 
plasmic basophilia is present, and pro- 
nounced alkaline phosphatase activity is 
present in the epithelial cells. On the other 
hand, carcinoma in situ of the cervix has 
been shown to contain little to no glyco- 
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gen,*** scant amount of cytoplasmic ribo- 
nucleic acid,** and no alkaline phosphatase 
activity.** The significance of the histochem- 
ical differences between metaplastic epithe- 
lium and neoplastic epithelium is not clear. 
The possible significance of glycogen, cyto- 
plasmic basophilia, and alkaline phosphatase 
to metaplastic epithelium as was proposed 
above cannot be applied to carcinoma in situ 
of the cervix. 


Summary 

Glycogen, cytoplasmic ribonucleic acid, 
and alkaline phosphatase activity were stud- 
ied in metaplastic epithelium of the rat 
uterus following treatment with estradiol 
dipropionate. 

In the metaplastic epithelium small num- 
bers of glycogen granules were present in 
the epithelial cells. A marked amount of 
cytoplasmic basophilic material was observed 
in the basal and intermediate cells of the 
metaplastic epithelium, while the superficial 
cells contained fine granules which were not 
too numerous. Deposits of cobalt sulfide, 
indicating the presence of alkaline phos- 
phatase, were observed only in the interme- 
diate and superficial layers of the stratified 
metaplastic epithelium. 

The possible significance of these sub- 
stances in metaplastic epithelium is dis- 
cussed, 

A histochemical difference seems to exist 
between squamous metaplasia and carci- 
noma in situ of the cervix. 


Department of Anatomy, University of North 
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Glomerulotubular Nephrosis Correlated with Hepatic 


IV. An Agonal-Phase Histoangiogra phic Technique for Serial-Time Hepatic and 
Renal Angiohistologic Studies and Its Application in Mercuric Chloride 


Poisoning 
Edinburgh, Scotiand 


During the early phases of investigation 
into the correlation between glomerulotu- 
bular nephrosis and liver disease ** it ap- 
peared likely that the focal patchy tubular 
necrosis in the kidneys of human and ex- 
perimental rabbit alike probably resulted 
from focal renal ischemia. It was decided 
to attempt to demonstrate the potential 
vascular alterations by angiographic means, 
employing the albino rat. 

The existing methods of microarteriogra- 
phy have been well summarized by Bar- 
clay * and Schlegel,® but for various reasons 
none of the established techniques appeared 
totally adequate. Since the present technique 
became perfected, Bellman* has published 
a monograph detailing a variation of micro- 
angiography which utilizes some of the basic 
principles to be described. The technique 
which we have devised combines serial-time 
histologic studies with serial-time blood-re- 
placement arteriography instituted during 
the agonal phase. 
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A. Development of Microangiographic 
Technique 


Materials and Methods 


Young adult (90 to 120 gm.) albino rats of the 
Glaxo-Wistar strain, predominantly male, were em 
ployed. The animals were segregated for five days 
with a reduced food intake and allowed to drink 
ad lib. a mixture consisting of 6% ethyl alcohol 
and 0.06% phenindione (phenylindanedione), forti 
fied with 0.29% of a soluble vitamin B prepara 
tion.* (This mixture was devised for studies on 
carbon tetrachloride intoxication. ) 

On the test day the rat received 10 mg. of hexa- 
methionium bromide + intramuscularly in the thigh 
and was set aside for a 10-minute period, until 
intense vertigo and generalized depression had 
developed. The animal was then deeply anesthetized 
with ether 

A ventral incision was made from pubis to 
xiphisternum and extended laterally along the costal 
margin to the axillary line. The diaphragm on 
the left side was incised, and 1000 units of heparin ¢ 
was injected into the vigorously beating left ven- 
tricle. The anterior half of the chest cage was then 
resected with a minimum of delay, exposing the en- 
tire thoracic contents for easy manipulation. The 
heart and lungs, stomach, intestines, and liver were 
shifted to the right sufficiently to allow easy access 
to the descending thoracic aorta, and the aorta was 
freed from the posterior wall for approximately 
% in. (1.3 em.), well above the diaphragm. A 
cotton thread was positioned beneath the aorta, and 
a fine polyethylene (Polythene) cannula (No. 51 
gauge, 1.8 mm. external diameter) was inserted 
and tied into position. The abdominal organs were 

* Betalin Complex, Eli Lilly & Company, Indian- 
apolis 

+ Vegolysen, supplied in part by Poulenc Freres, 
Montreal 

t Heparin sodium, 10,000 U. S. P. units per cubic 
centimeter, supplied in part by The Upjohn Com 
pany, Kalamazoo, Mich 
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Fig. 1.—The radiopaque arterial injection ap- 
paratus. A, agitator jet. B, pressurizing bulb. /, 
flush jar (0.5 liter). J, injection chamber (100 ml.). 
M, mercury manometer. /’, pressure reservoir. 
rubber “policeman.” Sy, pressurizing stopcock. Ss, 
agitator and leveling stopcock. Ss, injection stop- 
cock. 7, three-way cock. 


repositioned, and heparinized saline (50 units 
per cubic centimeter) was run in at 140 mm. Hg 
pressure for 10 to 15 seconds. A nick was made 
in the left renal vein, and contrast medium was 
run in at the same pressure until flow had practically 
ceased (approximately 60 seconds). The left kid- 
ney was tied off at the hilum and placed in 10% 
formalin along with most of the liver. The right 
kidney and a block of liver tissue were excised 
and placed directly in 20% Zenker-formol fixative 
for histologic sections. 

The arterial injection was effected through use 
of a device prepared in accordance with the 
principles shown in Figure 1. It consisted primarily 
of an air reservoir and manometer with two 
injection chambers, one for the heparin-saline 
flush and the other for the contrast medium, feed- 
ing into a common cannula through a three-way 
metal cock 


Microradioarteriography 


The contrast medium of choice was a freshly 
precipitated 30% suspension of bismuth oxychloride 
stabilized in a tissue macerator with 10% plasma 
protein and water, with small amounts of n-capryl 
alcohol added to prevent excessive foaming and/or 
emulsification. It was vigorously agitated for 20 
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minutes prior to use and prepared fresh every two 
weeks. It remained in fairly complete suspension 
for very short intervals (two to three minutes) 
and as a result required agitation during a series 
of injections. This was facilitated by the incorpora- 
tion of an agitator jet in the contrast chamber, 
controlled by the agitator and levelling stopcock 
(Fig. 1, Ss), for vigorous resuspension. 

With use of routine clinical x-ray apparatus, 
contact exposures were made of whole kidneys 
and livers into which contrast medium had been in- 
jected and of 700 sections of these organs in 
accordance with the following principles : 

Film: Kodak Crystallex, high contrast, 
4x6 in. (10.2%15.3 cm.) sheets 

Whole kidney: 100 cm. tube-to-film distance 

50 kv. 
75 ma.-sec. 
Whole liver: 100 em. distance 
50 kv. 
100 ma.-sec. 
sections: 100 cm. distance 
50 kv. 
50 ma.-sec 

‘The formalin-fixed organs, or organ sections, 
were blotted dry and laid directly on the 4X6 in 
film envelope. The kidneys were positioned on their 
flattened dorsal surfaces, the livers with the 
inferior flat surfaces against the envelope. It was 
determined experimentally that small degrees of 
tilt in the renal posturing did not appreciably affect 
the result. The entire experimental and control 
groups were exposed on the single sheet of film 
to ensure uniformity of exposure time and film 
processing 

The x-rays were enlarged two to six times in a 
routine photographic enlarger, and the results 
in normal control rats are shown in Figures 2, 3, 
4, and 5, microradioarteriographs of full-thickness 
kidney, full-thickness liver, and 700g sections of 
kidney and of liver, respectively. 


Fig. 2—Radioarteriography of whole rat kidney. 
Che glomeruli are just visible, as tiny dots. Bismut! 
contrast; reduced slightly from mag. X 4. 
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Fig. 3.—Radioarteriograph of several rat liver 
lobes. Note the delineation of hepatic artery and 
portal vein radicles. Bismuth contrast; reduced 
1/9 from mag. * 2 


Microradioarteriography by this techni- 


que permitted good visualization of the arte- 


rial tree down to the level of the arterioles. 
Further definition of fine vascular filling 
was impossible, owing to film grain inter- 
ference, crowding of image, thickness of 
tissue slice required to obtain roentgen defi- 
nition, and the minimal diameter of vessels 
into which contrast medium had been in- 
jected allowing definition with standard 
clinical x-ray equipment. In addition the 
insoluble salts of heavy metal were found 
to agglomerate at variable rates on standing, 
giving nonuniformity of particle size and 
artifactive filling defects at the capillary 
level. The ultimate choice of arteriographic 
method was dictated by the level of the 
vascular occlusion. Microradioarteriography 
was invaluable in demonstrating the absence 
of changes in large-caliber vessels in pre- 
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Fig. 4.—Radioarteriograph of 700 slice of rat 
kidney. Note the improved visibility of the vascular 
microarchitecture to the glomerular level. Bismuth 


contrast; reduced approximately 1/6 from mag. 


x4 


sumed vasospastic states. Since the oceclu- 
sions occurred in vessels of arteriolar 
caliber, radioangiography with clinical roent- 
gen apparatus proved impractical, and it 
was necessary to resort to a cleared-section 
technique of microphotoarteriography. 


Fig. 5.—Radioarteriograph of 700g slice of rat 
liver lobe. Finer vascular details to the level of 
the portal tracts can be observed. Bismuth contrast ; 
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Fig. 6.—Photoarteriograph of 50g cleared section 
of rat kidney. Note visualization of the entire 
arterial system to the level of the peritubular 
capillaries. Monastral contrast; reduced slightly 
from mag. 50 


Micro photoarteriography 


A new contrast medium was prepared, utilizing 
the phthalocyanine dyestuff Monastral Fast Blue,§ 
an mert, radiolucent material of very fine particle 
size (<O3p) and infinite stability in saline sus- 
pensions. It was used as a 10% suspension in 2.5% 
plasma protein and isotonic saline, with added 
n-capryl alcohol in small amounts as an antifoam 
aml antiemulsifying agent 

Contrast medium was injected into the organs 
as previously described; they were fixed in 10% 
formalin for 24 hours, and frozen sections were 
cut at 50g and 250p 

These sections were cleared through alcohols 
and toluene (five minutes in each) and mounted 
unstained om microscopic slides. Photomicrographs 
were then prepared at various magnifications 
Figures 6 and 7 demonstrate normal 50g rat kidney 
and 250g liver microphotoarteriographs at 50 magni- 
fications. As an alternative, paraffin blocks of 
liver and kidneys were sectioned at 15y, cleared, 
and mounted unstained. This method also gave 
very adequate angiographic preparations 


B. Application of Microangiography to 
Serial-Time Studies of Mercuric 
Chloride Poisoning 


The following experiment was designed to 
demonstrate the application of the histo- 
§ Obtained from Imperial Chemical Industries, 


Hexagon House, Blackley, Manchester, England ; 
also from Canadian Industries Limited, Canada 


610 


A. M. A. ARCHIVES OF PATHOLOG) 


Fig. 7.—Photoarteriograph of 250 section of rat 
liver. The intralobular circulation is outlined in 
detail. Monastral contrast; reduced slightly fron 
mag. < 50. 


angiographic technique to a study of an 
experimental vasospastic lesion in the rat 
Mercurial poisoning has been shown by 
Oliver et al.? to incorporate a vasospastic 
component (tubulorhexis) in the patho 
genesis of the renal lesions. 


Methods 


Fourteen male Wistar rats, average weight 
100 gm., were segregated on the alcohol-antico 
agulant regimen for five days. Seven were retaine 
as controls and were given 0.5 mg. of HgCh 
intramuscularly in the thigh. Two rats from bot! 
control and experimental groups were withdrawn 
for angiographic study at each of the following 
periods: 2 hours, 5 hours, and & hours. The one 
remaining animal from each group was studie:! 
at 12 hours 


Results 


The control rats gave uniformly good! 
arterial and capillary filling at each interval 
studied, The experimental animals developed 
a graded series of filling defects according 
to the elapsed time after the administration 
of the mercuric chloride. At two and five 
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hours after administration of the drug the 
renal arteriographs revealed a severe filling 
defect of the peritubular capillaries, in seg 
mental throughout the renal 
cortex, while the peritubular capillaries re- 
mained histologically patent. The afferent 
vessels and glomeruli filled normally at this 
stage (Fig. 8). In the liver there was a 
progressive contrast filling 
throughout the lobular sinusoids, correlated 
histologically with cloudy swelling of the 


distribution 


decrease in 


parenchymal cells ( Figs. 9 and 10). 


Fig. 9.—Photoarterio 
graphs of 50m sections of 
rat liver. <A, normal 
sinusoidal filling. B, 5 
hours after intramuscular 
administration of mer 
curic chloride. Filling 
defects are seen in the 
majority of the intra 
lobular sinusoids. Note 
dilatation of vessels of 
the portal tract. Mon 
astral contrast; reduced 
slightly from mag. * 100 
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Fig. &.—Photoarterio 
graphs of 250, sections 
of rat kidneys. A, con 
trol, showing normal 
contrast filling of glo 
meruli and peritubular 
capillaries. B, hours 
after intramuscular in 
jection of mercuric chlo 
ride. Note filling defect 
of peritubular capillaries, 
with well-filled glomeruli 
Monastral contrast; re 
duced slightly from mag 
« 100 


At 8 and 12 hours after HgCle was ad 
ministered the filling defect in the kidneys 
had undergone retrograde extension to 
obliterate many glomeruli and afferent ves 
sels in all animals (Fig. 11). The hepatic 
angiographs were unchanged the 
earlier periods. In earlier radiologic studies 
the kidneys appeared ischemic during these 
later intervals, but the details of filling de 
fects were shown much more clearly through 
the photographic approach. The findings 
follows: Liver, 


may be summarized as 
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Vig. 10, Photomn re 
graphs of rat liver tissue 
A, normal liver lobules 
8, 2-hour mercurial ef 
fect, showing swollen 
parenchymal cells obliter 
ating the sinusoids. The 
nuclei show hyperchro 
matism, Hematoxylin and 
eosin; reduced slightly 
from mag. * 100 


mechanical lobular filling defect; kidney, 
early, efferent arteriolospasm; late, retro- 
grade extension of spasm and mechanical 
capillary obliteration. 

Use of this agonal-phase replacement 
microangiographic technique assumes that 
antemortem vascular alterations will persist 
during both the agonal period and formalin 
fixation of excised tissue. In the instance 
of mercurial poisoning this has proven cor- 
rect both in livers and in kidneys, though 
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the vascular alterations in these organs 
would appear to develop by quite different 
pathogenetic mechanisms. the liver 
lobular ischemia results from mechanical 
reduction of the sinusoidal lumina by 
swelling of the liver cord cells. On the other 
hand, initially, the renal peritubular capillary 
ischemia appears related to spasm of the 
efferent arteriole, since the capillaries re- 
main patent but devoid of contrast material, 
whereas the afferent vessels and glomeruli 


Fig. 11.—Photoarterio 
graphs of 50g sections of 
rat kidney. A, control. B, 
12 hours after HgCle. 
Note absence of filling 


in many glomeruli and 
afferent vessels. For com 
-* parison with Figure 8, 


where the filling defect 
was largely _ restricted 
to the peritubular capil- 
laries. Monastral con- 
trast; 100. 
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fill adequately with injected dye. Later the 
filling defect spreads in retrograde fashion 
to obliterate glomeruli and afferent vessels 
in focal fashion, while tubular necrosis and 
cortical edema cause mechanical effacement 
of the capillary beds, as demonstrated in 
histological preparations. 

The results compare favorably with those 
of the Schlegel and Moses technique of 
fluorescent angiography. Oliver’ demon- 
strated identical renal circulatory changes by 
means of fluorescent angiography after ad- 
ministration of mercuric chloride to the rab- 
bit. 

The agonal-phase technique entails certain 
advantages over in vivo angiography. It is 
independent of cardiac output and therefore 
of use in states of shock. It can be employed 
in conjunction with histological studies and 
is a relatively simple procedure for serial- 
time studies. It yields greater clarity of 
image and allows infinite detail at any mag- 
nification. 

The technique presents certain obvious 
disadvantages. Filling defects due to artifact 
may occur in a varying percentage (10% to 
20%) of animals. In addition, the influence 
of the agonal period of life on the systemic 
circulation is difficult to assess. While these 
factors cannot be rigidly controlled, their 
importance as sources of error is minimized 
by the use of adequate control series. 


Summary 
A microangiographic technique employed 
during the agonal phase in the rat is 
described. The method can be adapted to 
both direct photography on cleared unstained 


tissues and to radiography on sections or 
whole organs and can be used in conjunction 
with histological studies. 

Application of agonal-phase angiography 
to studies of the renal and hepatic vascular 
alterations in mercuric chloride poisoning is 
described. The results compare favorably 
with those from in vivo fluorescent angiog- 
raphy. 

Laboratory Services, Deer Lodge Hospital, St. 


James 
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Pathologic Changes in the Liver of Rats After Feeding 
Low Levels of Various Insecticides 


PAUL ORTEGA, M.0.; WAYLAND J. HAYES Jr., M.D., Ph.D., and WILLIAM F. DURHAM, Ph.D., 


Sevennah, Ge. 


The chlorinated hydrocarbon insecticides, 
Chlordane,* Dieldrin,t lindane,t and Toxa- 
phene,§ were chosen for study because they 
represent a group of economically useful 
poisons. Although human fatalities have re- 
sulted from massive exposure, most interest 
has centered on the possible cumulative ef- 
fects of repeated low dosages which the 
general population may potentially obtain 
from residues in foods or, in the case of 
lindane, thermal The 
present report is a logical extension of a 


from vaporizers. 


Submitted for publication May 15, 1957 

From the Communicable Disease Center, Public 
Health Service, U. S. Department of Health, Edu 
cation and Welfare 

* 1,2,4,5,6,7,8,8-Octachloro-3a,4,7,7a-tetrahydro-4, 
7-methanoindane, a product of the Velsicol Corpo 
ration, Chicago. The sample used was a technical 
product containing 60%-75% 
25%-40% related compounds 

1,2,3,4,10,10-Hexachloro-6,7-epox y-1,4,4a,5,6,7,8, 


The sample used was produced by Julius Hyman 


chlordane and 


Taste | 


previously published paper on the pathology 
produced by D. D. T.|| in the white rat.’ 


Methods 


Earlier work has defined the toxic limits in the 
rat of the insecticides under study. Table 1 com- 
pares the dietary levels used in the present study 
with dietary levels reported in the literature to 
no effect or a minimal effect. The same 
indicates the number of rats fed different 
compounds and the intervals at which they were 
killed in the present experiment. 

The dosages tested were selected in an attempt 


cause 
Table 


to approach the minimal levels which would produce 
barely recognizable tissue lesions. In addition to 
aml Company (now a division of the Shell Chem- 
ical Corp., New York). The sample was stated 
to contain 85% Dieldrin and 15% reiated com- 
pounds. 

t 1,2,3,4,5,6 Hexachlorocyclohexane ; lindane con- 
tains 99.7% gamma isomer. The sample used was 
supplied by The California Spray Chemical Corp., 
Richmond, Calif. 

§ Structure unknown; a chlorinated camphene of 
approximate empirical formula CiHwCl. contain- 
ing 67% to 69% chlorine. It is produced by the 
Hercules Powder Co., Wilmington, Del. 

|| 2,2-bis( p-Chloropheny]) -1,1,1-trichloroethane. 


Comparison of Dietary Levels Used in the Present Study with Dietary 


Levels Reported in the Literature to Cause no Effect or Minimal Liver Change 


Design of Experiments 


No. Animals at Each 


Ietary 
Level, 
Ppm* 


Insecticide 
Male 


Chlordane 2.5, 25 
25, % 
0, 100 


50, 200 


Dietary Level 


Female 


Serial Dietary Level Pro- 
Killing, ducing No Change- 
Mo. Ppm 


2, 5 


ducing Tissue Change, 
Ppm 


107, 408 
25° 


0.154, 100%* 


10'*, 5O* 
100" 


* The diet of all the animals, including the controls, contained some D.D.T. as indicated by the storage of that compound in the 


body fat. 
was fequenty below the sensitivity of the method 
t Animals under stress of cold or malnutrition 
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Chemica! analysis of samples of chow showed that the concentration of D.D.T. in it oceasionally reached 0.5 ppm but 


7 
Summary of Literature 
-- 
Highest Observed Lowest Observed 
Dietary Level Pro- 
* 
= 
6 
2, 4, 6, 8 
2, 4, 6, 8 
Toxaphene 6 6 2, 4, 6, 9 
Controls 00 25 0.5, 1, 2, 2.5, 
3, 4, 6, 6.5, 
7, 8.5, 11, 
14, 


the very low dosages, somewhat higher dosage 
levels were chosen to confirm and clarify (by more 
listinct pathologic change) any trends observed at 
the low exposures. This procedure also permitted 
a reinvestigation of 
toxicity. 

Procedures used in this experiment were es- 
sentially the same as those published elsewhere.’ 
Briefly, all animals were Sherman strain white 
rats, individually housed and offered food and water 
ad libitum. The food intake and body weight of 
each animal were recorded three times per week 
ior the first 45 days and once a week thereafter 
The animals were used for tests when they 
weighed approximately 100 gm. each. Their sole 
source of food was ground Purina Laboratory 
Chow,] containing the stated concentration of the 
appropriate insecticide. The substance under test 
was incorporated into the ground chow by means 
of an electric mixer. Chlordane and Toxaphene 
were first dissolved in petroleum ether and then 
added to the mix. Dieldrin and lindane were 
weighed as the powder, mixed into cornstarch by 
pestle, and then mixed with the food in the electric 
mixer. 

Periodical observations were made regarding 
clinical manifestations of toxicity. Control animals 
were the same as those used for the D. D. T. 
experiment, and further details may be found in 
the report of that study.’ 

The histological techniques adopted for this study 
were similar to those reported elsewhere.’ Briefly, 
they were as follows: 1. Tissue fixed in Zenker- 
formol was stained by the azure-eosinate method 
for general oversight examination; the method 
proved especially useful for the detection of cell 
hypertrophy and margination of cytoplasmic 
granules in liver tissue. 2. Tissue fixed in acid 
Zenker’s solution was stained with Bensley’s acid 
fuchsin, aniline blue, and orange G mixture, and 
used for detection of lipospheres in liver cells. 3. 
After fixation in neutral 10% formalin, tissues 
were imbedded in Carbowax 1000 # and stained 
with oil red O for “neutral” fat, while duplicate 
specimens were mordanted in 3% potassium dichro- 
mate for 14 days at room temperature, paraffin- 
imbedded, and stained with oil red O for “lipoid” 
fat. Only completely fresh tissue was used for 
histological study. Animals dying spontaneously 
were autopsied, but tissue was not removed for 
study. Microscopic examination was limited to 
liver, kidney, and spleen. These tissues were treated 
identically with regard to fixation and staining. 
When it became apparent that the liver lesions 
resulting from low dosages of the four compounds 
were essentially identical to those observed with 


reported minimal levels of 


} 71 Product of the Ralston-Purina Co., St. Louis. 
# Product of Carbide & Carbon Chemicals Co., 
Mi 
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D. D. T., they were graded subjectively and com- 
pared to the expected range of variation as 
established by controls using the methods reported 
earlier.’ 


Results 


Morbidity and Mortality._-One female rat 
after 110 days of 25 ppm of Chlordane had 
a 17-day period of hypersensitivity which 
spontaneously remitted. Later, at death, this 
animal was negative for microscopic pathol 
ogy. There were no spontaneous deaths in 
the Chlordane series. 

One Dieldrin-treated female had a con- 
vulsion after 74 days’ exposure to 25 ppm, 
rapidly lost weight, and was found dead two 
days later. Death was attributed to Dieldrin 
poisoning. No microscopic studies were 
done. A male at the same dosage was ob- 
served to be nervous on the 112th day of 
exposure only; the nervousness remitted 
and 170 days later minimal liver lesions 
were found. Another male given 25 ppm 
died without observed symptoms of poison- 
ing, and he showed signs of intercurrent 
infection on autopsy. 

Two of the animals treated with lindane 
developed some degree of nervousness, One 
male treated with 50 ppm for 105 days 
appeared irritable for 40 days, spontaneously 
remitted, and then was negative for micro- 
scopic change at death. One female was 
exposed to 100 ppm for 200 days, was 
irritable for 4 days, spontaneously remitted, 
and 140 days later, at death, showed minimal 
liver lesions. There were no spontaneous 
deaths in the lindane series. 

No clinical symptoms attributable to 
Toxaphene were noted. One male rat with 
a dietary level of 50 ppm of this compound 
died of intercurrent infection as indicated 
by autopsy. 

Liver Weight.—-Liver weight, which was 
expressed as percentage of total body 
weight, showed no significant deviation from 
control values in any experimental group. 

Food Intake and Body Weight.—Average 
daily food intake (calculated as grams of 
food per kilogram of body weight) and 
average cumulative body weight gain curves 
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Animals to Total Examined 


Chlordane, Ppm Dieldrin 


Duration, Sex - 
Mo 25 25 2.5 


¥ 


‘Totals 


for the experimental animals showed no 
significant deviations from control values, 

Pathology.—No_ gross disease was ob- 
served in killed rats at necropsy. Table 2 
indicates the number of animals studied 
microscopically, their duration of exposure, 
and the number showing significant micro- 
scopic change. Only the liver demonstrated 
cellular lesions which could be definitely re- 
lated to chlorinated hydrocarbon exposure. 
Alterations such as pigment storage and 
hyaline droplet accumulation were noted 
within renal tubules but proved indistin- 
guishable from changes seen in controls. 
Likewise, minor fluctuations of the splenic 
lymphoid stroma were present. 

The type of hepatic change observed with 
these compounds was identical to that seen 
at low levels of D. D. T. feeding. As ex- 
posure was increased in both dosage and 
duration, three stigmata of cellular disease 
were observed: (1) centrolobular-cell hy- 
pertrophy, (2) peripheral migration of 
basophilic cytoplasmic granulations, and 
(3) the presence of distinctive cytoplasmic 
inclusion bodies. The latter were called 
lipospheres for convenience in order to dis- 
tinguish them from nonspecific hyaline or 
refractile cytoplasmic inclusions, which 
lacked the characteristic structure and stain- 
ing reactions of lipospheres. 

The control animals had considerable 
variation in hepatic storage of nonspecific 
lipoid and neutral fat droplets. Hence, these 
two kinds of droplets were not useful as 
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Ppm Lindane, Ppm ‘Toxaphene, 
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indices of exposure to the hydrocarbons un 
der test. The situation was quite different 
when the fatty substances existed as lipo- 
spheres, having a fibrillar capsule staining 
predominantly for phospholipid and a cen- 
tral, more vacuolated zone staining charac- 
teristically for neutral fat. Previous studies ' 
had established that lipospheres were absent 
from control animals and present only when 
appreciable exposure to D.D.T. had oc- 
curred, A fairly distinctive staining reaction 
of these lipospheres with Bensley’s acid 
fuchsin, orange G, and aniline blue mixture 
after acid Zenker fixation made it practical 
to use them as an indication of liver-cell 
reaction to chlorinated hydrocarbon, It was 
feasible to use paraffin sections in screening 
for these fatty structures, for although the 
neutral fat moiety was extracted, the cap- 
sule stained brilliantly with acid fuchsin. 
Figures | to 9 illustrate typical examples of 
hypertrophy, margination, and lipospheres. 

Several other liver-cell lesions were seen 
whose significance is difficult to evaluate. 
Two types of parenchymal bleeding were 
noted infrequently. The first, as demon- 
strated in Figure 9, consisted of unen- 
capsulated masses of red blood cells 
apparently actively dissecting the cyto- 
plasmic substance of the liver cells. This 
type of involvement was confined to cells 
showing marked hypertrophy and margina- 
tion, and it was seen in the lindane and 
Toxaphene series only. The second type, seen 
in Figure 10, had a more passive nondis- 
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Fig. 1—Normal rat liver cells, showing the usual pattern of cell sizes and cytoplasmic 
granules. Control diet, six months, male. Azure eosin after Zenker-formol fixation; * 1480 

Fig. 2.—Lower portion of picture shows liver cells with moderate degrees of margination 
and hypertrophy. Compare with Figure 1. Chlordane, 25 ppm, nine months, male. Azure 
eosin after Zenker-formol fixation; & 1480. 

Fig. 3.—Inferiorly, a sharply demarcated mass of liver cells with marked margination 
and hypertrophy is contrasted with more normal cells superiorly. Toxaphene, 200 ppm, nine 
months, female. Azure eosin after Zenker-formol fixation; 310. 

Fig. 4—Higher magnification of a group of cells similar to those in Figure 3. In addition 
to well-established hypertrophy and margination, cytoplasmic lipospheres can be dimly 
visualized as roughly circular outlines. Dieldrin, 25 ppm, four months, male. Azure eosin 
after Zenker-formol fixation; * 1220 


Fig. 5.—Group of lipospheres. Small evolutionary forms are seen in center above; larger 
densely stained body to left is associated with a hydropic vacuole. Large body to right of 
center shows a typically clear central zone having a delicate vacuolar network. Toxaphene, 
200 ppm, four months, male. Fuchsin, aniline blue, orange G after acid Zenker fixation; 
1220. 

Fig. 6—In addition to cell enlargement and margination of cytoplasmic granules these 
liver cells also show many large bizarre lipospheres. The capsule of the lipospheres stains 
heavily with acid fuchsin, while the central area characterized by a complicated reticular 

(Legend continued on next page) 
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Fig. 9.—Marginated and hypertrophied cells, some of which show nonencapsulated masses 


of red blood cells with apparent cytoplasmic disruption. 
Azure eosin after Zenker-formol fixation; 


female. 
Fig. 10.- 
erythrocytes. 


Lindane, 100 ppm, eight months, 


820. 


-The liver cell to the right shows a typical hydropic vacuole which contains two 
The cell to the left contains a 


fatty vacuole and several small lipospheres. 


These wee oe have been observed after exposure to all dderionnd hydrocarbons 


tested. D. D. 7 
fixation; x 1480. 
Fig. 11. 


ruptive appearance and consisted of single, 
or small, groups of red blood cells lying 
within a cytoplasmic hydropic vacuole which 
had a distinct capsule or border. These 
vacuoles found within 
hepatic cells which were otherwise entirely 


frequently were 


normal, and only a minority of the vacuoles 


contained red blood cells. The vacuole was 
fat-negative and contained a finely granular 
material which invariably took the same 
structure remains largely unstained. 
Fig. 7 
fat staining 
characteristic 
specific fat positive globules. 


Typical reaction of a single 
procedures. The densely 


Chlordane, 


—A group of nonspecific waxy or hyaline bodies. 
contour of the amorphous uniformly staining substance. Chlor 
female. Fuchsin, aniline blue, orange G after acid Zenker fixation; 


Chlordane, 25 
aniline blue, orange G after acid Zenker fixation; 


5 ppm, two months, male. Fuchsin, aniline blue, orange G after acid Zenker 


Of note is the smooth regular 
Chlordane, 2.5 ppm, nine months, 
1480. 


surrounding intrasinusoidal 
The picture was one of plasma 
imbibition by liver cells, with the infrequent 
addition of red blood cells lying suspended 
within this plasma. This hydropic accumula 
tion was observed in the Chlordane, Diel- 
drin, lindane, and Toxaphene series. It 
tended to be most prominent in male animals 
at the higher dosage levels, but the material 
was insufficient to confirm this suspected 


stain as the 
plasma. 


nine months, male. Fuchsin, 


1220 


liposphere in center of field following: traditional 
positive 
Note that remaining portions of this and other cells are almost free of non- 
25 ppm, two months, male 
fixation and carbowax imbedding, hematoxylin counterstain ; 


center and fainter staining capsule are 


Oil red © after formalin 
1480. 


Fig. 8.—Most of field is replaced by hypertrophied mecuineted cells containing both large 


and small lipospheres which are strongly fat-positive. 


is organized as lipospheres. 
corner. Toxaphene, 200 ppm, nine months, 
mordanting in potassium dichromate, and 
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Almost all of the fat-positive material 


A few cells of more nearly normal size are in the lower right 
female. 
parattin 


Oil Red O after fixation in formalin, 
imbedding, hematoxylin counterstain ; 
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relationship. These vacuoles on occasion 
were observed in close relationship to lipo- 
spheres, but it was not possible to categorize 
this chance occurrence. 
A similar experience was encountered with 
D. D. T.! where hydropic changes occurred 
erratically in cells of all types, while active 


as a casual or a 


bleeding was uncommon and confined to 
abnormal cells. 

The hyaline or refractile spherical bodies 
mentioned above are pictured in Figure 11. 
They could not be related to potsoning, 
frequently being seen in control material. 
Although of theoretical interest, their only 
practical that an inex- 
perienced observer may mistake them for 
lipospheres. 


importance was 
However, their complete lack 
of internal structure and their smooth con 
tour, as well as their different reactions to a 
variety of stains, sharply distinguish them 
from lipospheres. 


Comment 


In general, results reported here are simi 
lar to those obtained by Lehman** and 
Patterson.’ We are in agreement that care- 
ful microscopic examination of the liver cell 
will reveal cytoplasmic alterations at levels 
where biochemical and clinical examinations 
have so far failed to reveal any change, 
and the over-all consistency of these studies 
would tend to refute the suggestion by 
Cameron” that laboratory artifact is in 
volved. 

With sufficiently careful examination it is 
possible to detect, on occasion, liver cell ab- 
normalities at lower levels of Dieldrin, lin- 
dane, and Toxaphene than those previously 
reported. Thus the lowest level which pro- 
duces minimal tissue change can be reduced 
as follows: (1) Dieldrin, from 25 ppm to 


Taare 3 


Chiordane, Ppm 
Criteria for Diagnosis 


Lowest Levels Producing Liver-Cell Abnormality 


Dieldrin, Ppm 
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2.5 ppm; (2) lindane, from 100 ppm to 50 
ppm, and (3) Toxaphene, from 100 ppm 
to 50 ppm. In this regard some comment 
on the sensitivity of the method is in order. 
Of the total of 27 abnormal animals, 16 
showed margination and/or hypertrophy of 
a degree not seen in control material. How- 
ever, 11 of the 27 abnormal animals showed 
only lipospheres and would otherwise have 
been classified as normal. Only in the case 
of Toxaphene at 50 ppm in the male did 
the presence of lipospheres fail to equal or 
to exceed the sensitivity of margination or 
hypertrophy. It should be noted that at 
low levels of poisoning these inclusions 
small and widely scattered and require 
timal fixation, sectioning, and staining 
study. The most precise results were 


are 
op- 
for 
ob- 
tained from considering all three types of 
lesions as indicated in Table 3, which sum- 
marizes the results. 

Hydropic vacuolization of liver cells with 
the occasional presence of red blood cells is 
an interesting incidental finding; it has been 
reported for both toxic and physiological 
states." [ts pathological significance is not 
fully understood and any possible relation 
ship of lipospheres, imbibed plasma or red 
cells, and hyaline bodies remains conjectural. 

The general mildness of the liver-cell 
changes following exposure to repeated small 
doses of Chlordane, Dieldrin, lindane, and 
Toxaphene was apparent, and these changes 
were entirely similar to those following the 
ingestion of D. D. T.. The changes produced 
by D. D. T. were reversible, but reversibility 
was not tested for the other compounds. 
Although liver-cell changes have been found 
at new low levels of oral exposure to 
Dieldrin, lindane, and Toxaphene, Table 2 


strongly suggests that each of these minimal 


Lindane, Ppm 


Toxaphene, Ppm 
Male 


Female 


Male Female Male Female Male Female 
Margination and or hypertrophy > 25 2h 25 100 > 
Lipospheres alone 24 25 2.5 100 
Any combination of above 4 2.5 24 25 100 
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LIVER CHANGES FOLLOWING INSECTICIDE FEEDINGS 


levels exists at a threshold value, where only 
an infrequent animal will be susceptible. The 
general high resistance of the female is 
evident. It would appear likely that as 
methods of cytological study are refined and 
increasingly subtle abnormalities disclosed, 
the physiological impairment becomes cor- 
respondingly reduced. 


Summary 

In order to reinvestigate the minimal 
dietary levels of certain chlorinated hydro- 
carbon required to produce 
pathologic change, materials were fed to 
rats at the following concentrations: Chlor- 
dane, 2.5 and 25 ppm; Dieldrin, 2.5 and 25 
ppm; lindane, 50 and 100 ppm; and Toxa- 
phene, 50 and 200 ppm. The control diet 
contained less than 0.6 ppm of D. D. T. as 
the only known contaminating insecticide. 


insecticides 


The experimental animals were observed 
clinically and then serially killed after from 
two to nine months’ exposure to the poison. 
Tissues from liver, kidney, and spleen were 
examined histologically. 

Clinical toxicity was minimal. Histological 
tindings were confined to cytoplasmic altera- 
tions of liver cells. 

New low dietary levels of Dieldrin (2.5 
ppm), lindane (50 ppm), and Toxaphene 
(50 ppm) were found occasionally effective 
in producing liver-cell changes. The pre- 
viously reported minimal level for Chlordane 
(2.5 ppm) was confirmed. 

The improvement in the sensitivity of the 
test is ascribed, at least in part, to the use 
of characteristic fatty inclusion bodies, lipo- 
spheres, as a measure of subtle cytoplasmic 
ilteration. 

Incidental pathological findings suggest 
the nossibility of alterations in the permea- 
bility of sinusoidal endothelium and the liver 
cell itself. 

c/o Mrs. Maria Borisoff, 454 Vine St., Glendale 
4, Calif. 
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Lipid Globules 
Spleen 


Intracellular lipid globules are often pres- 
ent within the lymphoid follicles of the hu- 
man spleen. Although this is a common 
finding, there is a paucity of published in- 
formation concerning this, and apparently 
little is known about the condition. Small 
quantities of fat have been observed in the 
spleen in a variety of diseases.’* The depo- 
sition of fat in the spleen has been thought 
to be commoner in diabetes mellitus because 
of the associated lipemia.** In rare in- 
stances liquid petrolatum (mineral oil) has 
been identified in these globules.”* 

The purpose of this report is to empha- 
size the frequent occurrence of lipid globules 
in the lymphoid follicles of the spleen and to 
discuss their significance. 


Submitted for publication May 4, 1957. 
From the Department of Pathology of the 
Indiana University School of Medicine. 


Taste | 


in the Lymphoid Follicles of the 
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Materials 


The hematoxylin-and-eosin-stained sections of 
the spleens from 565 cases were studied. These 
consisted of 133 splenectomy cases and 432 autopsy 
cases (Table 1). 

The splenectomy group of cases included the 
conditions shown in Table 2. 

In the cases of hereditary spherocytosis, throm 
bocytopenic purpura, and traumatic rupture the 
splenectomy was performed as the specific treat- 
ment. In the cases of portal hypertension the 
spleen was removed because of hypersplenism or 
secondary to the establishment of a splenorenal 
shunt. In the cancer cases the spleen was removed 
secondary to a resection of a gastric or a pancreatic 
carcinoma. 

The autopsy group of cases included the condi- 
tions shown in Table 3. 

The sudden accidental death cases provided a 
“normal” group of persons who had apparently 
been in good health physically. Death had been 
the result of gunshot or knife wounds, hanging, 
or vehicle accidents. Those cases in which pneu- 
monia was the most significant abnormality repre- 


Splenectomy 

Hereditary spherocytosis 
Thrombocytopenic purpura 
Traumatic rupture 
Portal hypertension 
Cancer 

Autopsy 

Sudden accidental death 
Pneumonia 

Diabetes mellitus 

Cancer 

Random autopsies 

Total 


Cent Cases 


N Per 
Cases Lipid Cent 


og 
ncidence of Follicular Lipidosis of the Spleen in Various Diseases 
Age, Yr. 
10-19 
Condition 4 Cases Cases Cases ae 
No. with No. with Per 
Cases Lipid Lipid Oent 

15 0 0 6 17 0 2 

il 0 0 7 4 57 “4 i 7” 

2 0 0 7 4 87 ‘ 1 25 

12 0 0 17 2 ” 

0 0 0 0 0 0 “4 12 

2 0 0 7 0 0 4i 22 4 

0 0 2 “4 87 

3 0 0 100 a1 19 61 
136 2 16 8 101 7 
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Tasie 2.—Conditions in Splenectomy Cases 


Conditions 
Hereditary spherocytosis 
Thrombocytopenic purpura 
Traumatic rupture 
Portal hypertension 
Cancer 
Total 


Although the cases 


sented the infectious diseases 
of diabetes mellitus had been treated with diet and 
insulin, they were the only large group of a meta- 
bolic disease available for study. The cancer group 
represented not only neoplastic disease but also 
cachexia, The random autopsy group was a con 
secutive series from which only deadborn infants, 
sudden accidental death, diabetes mellitus, and 
cancer cases were excluded. 


Methods 


The hematoxylin-and-eosin-stained section of the 
spleen from each case was examined micro- 
scopically under a magnification of X 100. When 
intracellular or extracellular vacuoles were found 
in the lymphoid follicles the degree of follicular 
lipidosis was graded as 1+ to 4+. One plus was 
arbitrarily designated as slight lipidosis in which 
less than 5% of the lymphoid follicles contained 
vacuoles. When 5% to 25% of the lymphoid fol- 
licles contained vacuoles, it was graded as 2+-; 
25% to 50% was graded as 3+, and over 50% 
was graded as 4+ 

The incidence of follicular lipidosis was tabu- 
lated for each case according to the disease present 
(Table 1) and the age of the person (Fig. 1). 
The degree of follicular lipidosis was also tabu- 
lated according to the age of the person (Table 4). 
The incidence according to sex was recorded 

Fat stains were done on frozen sections from 20 
of the spleens having 4+- follicular lipidosis. These 
cases of extensive lipidosis were selected for fat 
stains so that random sections would contain the 


TasLe 3.—Conditions in Autopsy Cases 


Cases, 
Condition No. 
Sudden aceidental death 


Pneumonia 25 


Diabetes mellitus 


Cancer 


Kandom autopsies 253 
Total 452 


_M. A, ARCHIVES OF PATHOLOGY 


Decales 1 2 3 L s 6 7 8 9 


Fig 1I- Incidence of follicular lipidosis of the 
spleen in different decades. 


material. The frozen sections were cut at a thick- 
ness of 30g to 40u from the formalin-fixed ma- 
terial. These sections were stained with Sudan iV 
(searlet red) and with osmium tetroxide (osmic 
acid). 


Results 


Vacuoles were evident in the lymph- 
oid follicles of the hematoxylin-and-eosin- 
stained sections of the spleens from 205 of 
the 565 cases (Fig. 2). The vacuoles were 
predominantly within the central portion of 
the lymphoid follicles adjacent to the ar- 
terioles, Less frequently they were seen in 
the peripheral portion of the follicles, but 
they were not observed within any germinal 


centers. The vacuoles were variable in size. 
Most of the vacuoles were within macro 


phages, but a few appeared to be extracel- 
lular. Some of these macrophages contained 


Taste 4.—Degree of Follicular Lipidosis of the 
Spleen in Different Decades 


No. Cases Degree of Follicular Lipidosis, % 
Age, Yr. with 
Lipid 1+ 2+ B+ 44+ 


9 3 67 34 0 0 


10-19 


22 19 53 


Over 
Total 205 2 
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LIPID GLOBULES IN SPLEEN 


a single vacuole, whereas others 
tained numerous small vacuoles. 
ally vacuoles were seen in the adventitia of 
the arterioles of the lymphoid follicles. 
Vacuoles were also present in the trabeculae 
and capsule, but these were infrequent. 
Minute brown granules were often dis- 


con- 
Occasion- 


seminated through the areas of vacuola- 
tion. The only evidence of tissue reaction 
was the presence of the vacuolated mac- 
rophages and an occasional vacuolated mul- 
tinuclear cell. There was no other cellular 
infiltration and no fibrosis. In seven cases 
tuberculous granulomas were seen in the 
spleen, but these granulomas were not ana- 


Fig. 3.—Lipid globules 
in a lymphoid follicle of 
a spleen, demonstrating a 
positive osmic acid reac- 
tion in a frozen section. 
Osmium tetroxide; re- 
duced approximately 
from mag. 400. 


W iland— Smith 


Fig. 2.—Vacuoles fron 
lipid deposition in a 
lymphoid follicle of a 
spleen. Hematoxylin and 
eosin; reduced approxi- 
mately '4 from mag. 
800, 


tomically related to the foci of vacuola 
tion, 

Brilliant orange-red globules were evident 
in the lymphoid follicles in the sections of 


the 20 spleens stained by Sudan IV. See- 


tions from these same spleens gave a posi- 
tive reaction with osmium tetroxide, in 
which case the gloubles were black (lig 3). 

The incidence of follicular lipidosis of the 
spleen in the various diseases studied is tab- 


ulated in Table |. Because it was so rare 


in the first decade and relatively uncommon 
in the second decade, the incidence in the 


various types of diseases could be compared 
only in those cases over the age of 20 


a 
a 
4 
Ba 
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years.” The incidence of follicular lipidosis 
in the total splenectomy group after the 
second decade (54%) did not differ sig- 
nificantly from that in the total autopsy 
group after the second decade (61%). A 
comparison of the incidences of follicular 
lipidosis after the second decade in diabetes 
mellitus (61%), all cancer cases (58%), 
sudden accidental death (54% ), and random 
autopsies (69% ) revealed no significant dif- 
ferences. However, the incidence of fol- 
licular lipidosis in hereditary spherocytosis 
(20%) (P<0.05) and in portal hyperten 
sion (36%) (P<0.05) was significantly 
lower than that in the remainder of the 
entire series, 

The incidence of follicular lipidosis of 
the spleen in different decades is vresented 
graphically in Figure 1. The in.idence in 
the first decade (1%) (P<0.001) and that 
in the second decade (39%) (P<0.01) 
differed significantly from that in all the 
subsequent decades (599% 

The degree of follicular lipidosis of the 
spleen in different decades is summarized 
in Table 4, It increased up to the age of 
30 years, after which the degree of follicular 
lipidosis remained relatively constant. 

There was a total of 322 males and 243 
females, The incidence of follicular lipidosis 
in the males was 39%, and in the females 
it was 34%. After the second decade there 
were 180 males and 126 females, with an 
incidence in the males of 64%, which dif- 
fered significantly from that of 52% in the 
females (P<0.05). 


Comment 


Although the presence of lipid globules 
in the spleen has been a neglected subject, 
there have been a few reports of exogenous 
lipid globules in the spleen. Globules of 
liquid petrolatum have been reported in the 
spleen in association with lipid granuloma 
of the lung as a result of aspiration.’ Glob- 
ules of liquid petrolatum have been ob- 


*A x’ test of independence was applied to de- 
termine whether or not differences were statistically 
significant. 
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served in the spleen of one rat of groups 
of various animals fed large quantities of 
liquid petrolatum.* In both of these in- 
stances the substance in the globules did 
not react with osmium tetroxide, and there 
was a foreign-body reaction, having giant 
cells associated with the area of lipid depo- 
sition, 

In our series the substance in the glob- 
ules in the spleens reacted with osmium 
tetroxide, as it did in the cases examined 
by Kusonoki.’ Also, the giant-cell response 
was generally inconspicuous in our cases. 
Anitschkow ® noted lipid deposition in the 
spleens of rabbits which had been fed a 
high-cholesterol diet. Although exogenous 
lipid (liquid petrolatum) may produce 
globules in the human spleen, it is certainly 
unusual. By far the commonest type of 
globule in the human spleen is that which 
contains endogenous lipid. Endogenous 
lipids are those fats and fat compounds 
which are readily absorbed and metabolized 
by the body, in contrast to the exogenous 
lipids, which may be partially absorbed but 
are minimally metabolized. 

Although almost all of the lipid globules 
were located within the lymphoid follicles of 
the spleen, the deposition of these lipids 
was not necessarily influenced by the lymph- 
oid tissue. Some lipid globules were pres- 
ent in the adventitia of the arterioles. 
These lipids were probably derived from the 
blood and may have been present in the 
lymphoid follicles only because the follicles 
were adjacent to the arterioles. 

Minute brown granules were seen in the 
areas of vacuolation in the hematoxylin- 
and-eosin-stained sections. These granules 
had the appearance of formalin precipitate, 
but they were also present in the sections 
from spleens which had been fixed in 
Zenker’s fluid.” In the sections which were 
stained for the Prussian blue reaction by 
hemosiderin, for melanin by silver impreg- 
nation, and for ceroid by the Ziehl-Neelsen 
method these granules remained unaltered. 
The exact nature of these granules remains 
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obscure, but it seems quite probable that 
they are artifacts. 

The incidence of follicular lipidosis in 
the splenectomy group did not differ signifi- 
cantly from that in the autopsy group. This 
indicates that follicular lipidosis of the 
spleen is neither a terminal event nor a 
postmortem change. 

No significant differences were found 
among the incidences of follicular lipidosis 
in diabetes mellitus, cancer, sudden acci- 
dental death, and random autopsies. In 
most of the cases of diabetes mellitus the 
patients had been managed with insulin 
and the diabetic condition was at least par- 
tially controlled. However, the treated dia- 
betics did not differ from the nondiabetics 
in the incidence of follicular lipidosis. 
Similarly, the cancer cases did not differ 
from the noncancer cases, indicating that 
cachexia, which often accompanies cancer, 
did not alter the incidence of follicular 
lipidosis. Lubarsch"™ believed that these 
lipids were derived from the blood, but their 
deposition in the spleen depended more upon 
local retrograde tissue changes than upon the 
concentration of the lipids in the blood. 

The explanation for the low incidence of 
follicular lipidosis of the spleen in heredi- 
tary spherocytosis and portal hypertension 
was not apparent. However, the extensive 
interstitial congestion in hereditary sphero- 
cytosis and the advanced sinusoidal con- 
gestion in portal hypertension may be 
responsible. Kusonoki' noted a decreased 
amount of lipid in the spleens from cases 
of congestive heart failure. The deposition 
of lipids in the spleen may be inhibited in 
some way by advanced congestion. 

The incidence of lipid globules in the 
spleen in the first decade (1%) and that in 
the second decade (39%) differed signifi- 
cantly from that in the older cases (59%) 

(Fig. 1). A relationship between age and 
the presence of fat in the spleen has been 
noted by others.’* After the age of 20 
years there were no significant differences 
among the incidences of follicular lipidosis 
in the different decades. This rarity of 
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follicular lipidosis in the first decade, with 
an increased incidence in the second decade 
and a plateau after the second decade, is 
somewhat similar to the occurrence of ar- 
teriosclerosis. The degree of follicular 
lipidosis also increased up to the age of 30 
years. The data and material available for 
this study did not permit an accurate corre- 
lation of follicular lipidosis of the spleen 
with arteriosclerosis. 

Follicular lipidosis of the spleen was sig- 
nificantly commoner in men over 20 years 
(64%) than in women of the same age 
group (52%). Although the explanation 
for this difference is not apparent, it is note- 
worthy that arteriosclerosis is also somewhat 
commoner in men. 

Fat embolism has been demonstrated in 
the spleens of persons dying as a result of 
extensive trauma.’® These fat globules, 
however, were intravascular and were not 
related to extravascular follicular lipidosis, 
Fat emboli may be found in the blood ves- 
sels of the spleen as a result of trauma, but 
follicular lipidosis is probably not etiologi- 
cally related to trauma. 

Additional investigation will be necessary 
to determine the exact chemical composi- 
tion and the etiology of these lipid globules 
in the lymphoid foliicles of the spleen. 


Summary 


Intracellular lipid vacuoles were fre- 
quently seen in the lymphoid follicles of 
the spleens from 565 splenectomy and au- 
topsy cases. 

The substance within these globules was 
stained by Sudan IV (scarlet red) and re- 
acted with osmium tetroxide (osmic acid). 

Follicular lipidosis of the spleen was rare 
in the first decade (1%). It was commoner 
in the second decade (39%), and it was 
often present in the subsequent decades 
(59%). 

The incidence of follicular lipidosis in 
men over 20 years (64%) was somewhat 
greater than that in women of the same 
ages (52%). 
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The incidence of follicular lipidosis in the 
splenectomy group did not differ signifi- 
cantly from that in the autopsy group. 
There were no significant differences among 
the incidences of follicular lipidosis in the 
groups of cases of treated diabetes mellitus, 
cancer, sudden accidental death, and random 
autopsies. However, the incidence in heredi- 
tary spherocytosis and in portal hypertension 
was relatively low. 

Follicular lipidosis of the spleen may be 
related to some generalized disturbance in 
fat metabolism or it may be primarily a 
result of local tissue changes. Additional 
investigation will be necessary for a com 
plete understanding of its significance. 

Dr. Ralph M. Reitan, of the Surgical Research 
Laboratory of the Indiana University School of 
Medicine, assisted in the statistical analysis. The 
photomicrographs are by Mr. James F. Glore and 
Mr. Paris Johnson, of the Department of Illus- 


tration of the Indiana University School of 
Medicine 


Reid Memorial Hospital, Richmond, Ind 
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A Survey of Experimental Arteriopathies in the Rat 


GEORGE F. WILGRAM, Toronto 


The rat has proven valuable as a labora- 
tory animal in many kinds of biological 
research for a number of reasons. The ani- 
mal is easy to house and easy to handle. 
It is omnivorous and not particular where 
food intake is concerned. It is also com- 
paratively cheap, and its food consumption 
is not excessive, so that it may be procured 
sufficient numbers to 
allow for statistical evaluation. 
the rat was for a long time believed to be 
resistant to the induction of atherosclero- 
sis." Apparently the work of Schmidt- 
man * and Pfleiderer,*" in 1932 in Germany, 
did not receive proper attention and was 
forgotten. It was not until 1950 that re- 
newed attempts were made in several labora- 


and maintained in 
However, 


tories to produce atherosclerotic lesions in 
Ar- 
teriopathies other than atherosclerosis have 
been known to be inducible in rats, but 
there was no guidance available as to how 
to differentiate them from each other and 
how to correlate them with arteriopathies 
that occur in man. 

At the annual meeting of the American 
Society for the Study of Arteriosclerosis in 
1955, a schematic classification of arterio- 
pathies was proposed (Table 1) which, de- 
spite the short-comings of such an artificial 
classification, seemed to have many inherent 
idvantages. An attempt was then made in 
our laboratory to adopt this scheme for a 
classification of the known experimental 
arteriopathies in the rat with the hope that 
it might lead to a better understanding of 
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this valuable laboratory species.***” 


vascular lesions in rats and to provide evi- 
dence that the rat is indeed a species suit- 
able for work on arteriopathies. 

Table 2 summarizes briefly the nature and 
site of the lesions induced in the cardio- 
vascular system of the rat, with certain 
other pertinent data. This Table illustrates 
that practically every major arteriopathy ob- 
served in man can be reproduced morpho- 
logically in the rat *°'*°* The experimental 
procedures initiating these lesions are indi- 
cated, but the reader must refer to the 
bibliography for more specific information. 

It should be emphasized that every ex- 
perimental lesion in the rat does not re- 
semble in all clinical 
counterpart. There is, furthermore, some- 


details its human 
times considerable overlapping in the micro- 
scopic appearance between several of these 
experimentally produced lesions, Thus there 
is to some degree a dependence upon the 
interpretation of the author as to with 
which lesion in the human certain of those 
seen in the rat should be compared, 
Besides the general problem of species 
differences that prevent direct application 
of experimental findings from the rat to 


Taste 1.—Classification of Arteriopathies * 


A. Degenerative . Lipomatous changes 

. Atherosclerosis 

. Ménekeberg's medial sclerosis 

. Arterionecrosis (including cystic 
medial necrosis Erdheim) 


. Elastosis 
. Hyalinosis 
. Fibrosis 


B. Hyperplastic 


C, Proliferative . Inflammatory changes (nonsuppu- 
rative and suppurative) 
Obliterative changes (due to non- 
use, trauma, pressure changes, etc.) 


D. Thromboem bolic 
E. Arteriopathies of unknown etiology 
F. Combined 


* As proposed by the American Society for the Study 
of Arteriosclerosis, November, 1955; condensed and modi. 
fied for adaptation to the rat. 
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Tasie 2.—Experimental Arteriopathies in the Rat as of March, 1957 


A. M. A. ARCHIVES OF PATHOLOGY 


Nature of Lesions Site of Vaseular Lesion Author (Key References Only) 


Lipomatous Heart Lowenthal ¢ 
Aorta Yuasa 
Heart & aorta Page & Brown '* 
Heart Malinow et al.**-** 


Heart & sorta Wissler et al. 
(fatty) Heart valves Bragdon & Mickelsen ** 
Heart & corta Fillios et al. ** 
Atheromatous Heart Humphreys 
(fibrinous) Heart ‘ilgram ** 


Atherosclerotic 


Heart & 


aorta Pfieiderer 
Heart, aorta, kidney 


Wilgram** 


M Onekeberg 


Heart, aorta, & kidney Kreitmaier & Mall+* 
Aorta 


Duguid 
Heart Ham & Lewis'* 
Lungs Hueper'' 
Heart, aorta, & kidney Hummel & Barnes 
Heart & aorta Lehr & Churg** 
Heart & aorta Kolff & Fisher’ 
Heart & aorta Hartroft & Wilgram *++* 


Dissecting aneurysm Aorta Ponseti & Baird 
Aorta Bachhuber & Lalich «* 


Heart & kidney Goldblatt & Kahn** 


Arterionecrosis 


Hyalinosis Heart, kidney, & intestine Masson et al. 
: Hyperplasia, fibrosis Heart & lungs Wilens & Sproul ‘*** 
Inflammatory; proliferative; Heart & intestine Wilens & Sproul 
perlarteritis-nodosa-like Kidney & intestine Friedman et al. & Schroeder et al. ** 
Kidney & intestine Cromartie ++ Smith et al. ** Zeek et al.,** 
Schloss ** 
Kidney & intestine Loomis 
Kidney & intestine Wilson & Byrom ** 
Kidney, heart, & intestine Selye & Pentz** 
Kid & intestine Selye et al. & Masson et al. 


Experimental Inductien 


Cholesterol feeding 
Cholesterol feeding 
Cholesterol, hypothyroidism, cholic acid feeding 
Spontaneous in old rats 


Other Important Findings 


; Cholesterol feeding (4 nephrotoxic serum) No constant correlation with hypertension; nepbrosis 
Injection of rabbit teins 
; Cholesterol, hypothyroidism, sodium cholate feeding Cholesterol fatty livers, hepatic cirrhosis 


Spontaneous in old rats 
Spontaneous in old rats 


Cholesterol, excess vitamin 1D, exercise 
Egg yolk, excess vitamin D, hypothyroidism, cholic acid 
Excess vitamin D 


Excess vitamin D Nephrocalcinosis 
Excess vitamin D 


Nephrocalcinosis 
Spontaneous in old rats (2 to 3 yr. of age) 
In old growth-retarded rats 
In =] of poorly soluble cultenamntées B.P. rise first, then normal, nephrocrystallosis 
BI | nephrectomy + peritoneal! lavage mia 
Severe choline deficiency Hemorrhagic renal cortical necrosis 


8 weet- meal intoxication Skeletal deformities 
Chronie lathyrism Skeletal deformities 


Goldblatt kidney clamp Hypertension; nephrosclerosis 


Saltload, DCA + renin injections Hypertension, membraneous glomerulitis 
Spontaneous in rats (older than 2 yr.) Chronic pyelonephritis 

Spontaneous in rats (older than 2 yr.) Chronic pyelonephritis 

Silk wrapping of kidney Hypertension, silk perinephritis 


= wrapping of kidney 
Ligation of renal arteries 


Hypertension, silk 
Hypertension, renal infarction 
Narrowing of renal artery renal hypoxia 
Salt load, unilateral nephrectomy, DCA Hypertension, nephrosclerosis 


Salt load, nephrectomy, an Hypertension, nephrosclerosis 
pituitary preparations 
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Nephrocalcinosis 
Nephrocalcinosis 
Nephrocalcinosis 
i> 
ar 


man, there are a few differences with spe- 
cific importance where the cardiovascular 
system is concerned, First, as shown by 
Wilens and Sproul * and later illustrated 
and established by Hartroft,** the rat has 
no demonstrable vasa vasorum in the intima 
and in the media. Secondly, the subintimal 
tissue of the vessels of the rat is rather 
poorly developed, and the intima is associ- 
ated very closely with the media.*® Thirdly, 
as shown among others by Lewis and co- 
workers,™ the biochemical lipid pattern of 
the rat is markedly different from that of 
man, Therefore no direct clinical applica- 
tions may be drawn from any single lesion 
produced by these experimental procedures. 
An integration, however, of all these ex- 
perimental findings in the rat shows many 
features similar to those seen in man: The 
same factors act as trigger mechanisms or 
produce acceleration or aggravation of the 
lesions and similar localization in different 
parts of the vascular tree. Thus similar 
criteria may be applied in an attempted 
classification of vascular changes in the rat 
to the ones used in those of man. It seems 
safe to state that the rat shows the rat 
equivalents, as it were, to most types of 
cardiovascular disease found in man. 

It should be pointed out again that the 
classification of the lesions is based on a 
morphological basis and thus neglects two 
important features, namely, 1 comparison 
of the etiology and the pathogenesis with 
their human counterpart. We hope, how- 
ever, that the correlation of all the individual 
vascular changes with the experimental pro- 
cedures that induce them may contribute 
to a better understanding of the human 
lesions and thereby direct further research 
to investigate the etiology and pathogenesis 
of human arteriopathies. 


Convincing evidence that the rat can be 
used as an experimental animal in labora- 
tory work on vascular problems would pro- 
vide another excellent tool for research on 
arteriosclerosis, especially in investigations 
that require large-scale experimentation and 
statistical evaluation. 


Wilgram 


EXPERIMENTAL ARTERIOPATHIES IN RAT 


Summary 

An attempt is made to classify experi- 
mental arteriopathies in the rat. Such a 
classification shows that practically every 
major type of human arteriopathy may be 
reproduced morphologically in the rat. Al- 
though a direct correlation between the 
lesions seen in man and those noted in the 
rat is impossible, it is felt that the rat does, 
in its own histological terms, respond with 
lesions that might be termed the experi- 
mental equivalent of their human counter- 
part. Other obvious shortcomings of this 
It is 
felt however, that such an endeavor can 
serve as useful guidance for research work 
on experimental arteriopathies. 

Dr. W. Stanley Hartroft showed continued 
interest in the course of this study. Drs. M. R. 
Malinow, G. M. C. Masson, I. H. Page, H. Selye, 
F. J. Stare, and R. W. Wissler gave assistance and 
cooperation. Prof. Charles H. Best helped to 
stimulate and to facilitate in many ways the work 
on this paper. 


Banting and Best Department of Medical Re- 
search, University of Toronto (5). 


classification are pointed out as well. 
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Perfringens Toxin 


During the course of a series of experi- 
ments on the effect of Clostridium per- 
fringens toxin on the kidneys of dogs,’ the 
incidental development of a hyperglycemia 
was noted. It is our purpose to present 
the results of our experimental observations 
on the mechanism of this hyperglycemia 
and the factors which may influence it. 

In previous publications '* the relation- 
ship of the functional, histochemical, and 
histologic studies of the renal tubuli with 
the values for blood urea nitrogen, chlo- 
rides, and other studies were detailed. In 
this report experiments to study the effect 
of C. perfringens toxin on liver and muscle 
glycogen and the influence of the removal 
of the pancreas ( glucagon and insulin) upon 
the hyperglycemia produced by the toxin, 
as well as the effect of the sympatholytic 
dihydroergotamine (D.H.E. 45), which 
readily counteracts the hyperglycemia pro- 
duced by sympathetic stimulation, will be 


described. 


Experiments studying the effect of the 
administration of various amino acids, 
saline, and glucose (5%) upon the action of 
C. perfringens toxin in dogs, with particular 
reference to their effect upon hyperglycemia, 
will be evaluated. 


Methods 


All dogs were anesthetized with pentobarbital 
sodium. The C. perfringens toxin * was injected 
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Hyperglycemia Induced in Dogs by Clostridium 


MAX BERG, M.D., and SAMUEL A. LEVINSON, M.D., Chicago 


intramuscularly into the midportion of the hindleg 
of the animals (8 mil. per kilogram of body 
weight), and the leg was massaged in order to 
increase the rate of diffusion of the toxin. This 
was accompanied by the uniform development of 
local edema,* shock, and a striking disintegration 
of the renal tubular mitochondria, as well as a 
pronounced destruction of the alkaline phosphatase 
activity of the brush border of the proximal con- 
voluted tubules. Death usually occurred within 
six hours. 

Blood glucose * and inorganic phosphorus ** de- 
terminations were performed prior to the injection 
of the toxin and at one-half hour, one hour, and 
hourly intervals subsequently; glycogen determina- 
tions were performed in duplicate’ on the liver 
and skeletal muscle prior to the injection of the 
toxin. At the termination of the experiment 
glycogen studies were performed on the skeletal 
muscle obtained from the site of injection of the 
toxin as well as from the muscle where no in- 
jection was given, the liver, and the left ventricle 
of the heart. Histochemical, cytochemical, and 
histologic findings of these tissues, as well as 
other chemical determinations and their relation 
to the glycogen studies, will be reported in detail 
elsewhere. 


Results 


In order to ascertain what effect the 
anesthetic agent used in these experiments 
(pentobarbital sodium) might have on the 
blood glucose and inorganic phosphorus, we 
performed four experiments on dogs, col- 
lecting the blood specimens at regular in- 
tervals (Fig. 1 and Table). It will be 
noted that the fluctuations followed no fixed 
pattern as far as the blood glucose level 
was concerned. The averages in these ex- 
periments reveal that the blood glucose level 
at the termination of the experiment was the 
same as the control. A similar pattern was 
observed with respect to the inorganic phos- 
phorus (Fig. 2 and Table). 


633 


¥ 

. 


Fig. 1.—Graphie com 
parison of blood glucose 
values in dogs given m 
jections of C. perfringens ge 
toxin, pentobarbital ¢ 
( Nembutal) (control), 
no toxin, dilydroergota 
mine plus toxin and pan 2 
createctomy plus toxin 3 
The faint lines represent 


values for each dog; the 
heavier lines, the average 
for each group 


A. M. A. ARCHIVES OF PATHOLOGY 


It has been shown that contradictory 
results have been reported in dogs after the 
injection of various sedative drugs. Some 
reported no change;** others, hyper- 
glycemia.” The initial drop in blood sugar 
reported following barbiturate anesthesia 
may in part be due to a diminished hepatic 
glycogenolysis, and may simulate that of 
chloroform, and indicates incipient liver 
damage." Shideman '* has shown that the 
“presence or absence of hyperglycemia ap- 
pears to depend on a number of factors: 
the particular barbiturate employed, the dose, 
the route of administration, the species em- 
ployed, and the composition of the diet. 
During prolonged anesthesia, blood glucose 
levels may fall, possibly as a result of 
diminished hepatic glycogenolysis.” 

In the animals receiving the toxin (eight 
experiments) it will be observed from the 
Table and from Figure 1 that there was a 
rise in the blood glucose in all of the 
experiments. Individual variability was ob- 
served in the response of the animals with 
respect to the rate of increase and to the 
peak levels recorded. While the hypergly- 


cemia in some of the animals reached a peak 
of three times the control level at the end 


Time in hours 
of the experiment, the average for all of the 


experimental animals was more than twice 
the control value. 


We studied the effect of pancreatectomy 
immediately prior to the administration of 
C. perfringens toxin upon the blood glucose 
level in five dogs. In this group there was 
a greater average rise in blood sugar, reach- 
ing a maximum of 294 mg/100 ce., although 
considerable individual variability was noted 
(Table and Fig. 1). In preliminary ex- 
periments where total pancreatectomy was 
performed, which was associated with con- 
siderable shock, a similar rise in blood glu- 
cose was observed. 

Another group of four animals received 
dihydroergotamine subcutaneously (0.5 mg. 
per kilogram and 1 mg. per kilogram) one- 
half hour prior to the injection of the toxin. 
This dose is 5 to 10 times the amount re- 
quired to inhibit adrenal hyperglycemia for 
a period of six hours, according to Roth- 
lin '* and others,'*'® but only one-fourth to 
one-half the amount required to inhibit 
epinephrine vasoconstriction. In this group 
of animals (Fig. 1 and Table) no significant 
rise in the blood sugar was noted for two 
hours, after which a slight rise was observed 
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Fig. 2.—Graphic com 
parison for blood inor- 
ganic phosphorus values 
in dogs given injections 
of C. perfringens toxin, 
pentobarbital ( Nembutal ) 
(control), no toxin, di- 
hydroergotamine plus 
toxin and pancreatectomy 
plus toxin. The faint 
lines represent values for 
each dog; the heavier 
lines, the average for 
each group 


A. M. A. ARCHIVES OF PATHOLOGY 


Toxin Toxin 


at three hours and a more pronounced rise, 
at four hours, 

There was a rapid rise of the inorganic 
phosphorus in the group of animals receiv- 
ing the toxin, similar to the rise in blood 
sugar (Figs. 1 and 2 and Table). The 
inorganic phophorus rose more rapidly and 
to higher levels in the animals that received 
the toxin after pancreatectomy (Fig. 2 and 
Table) than in the groups receiving the 
toxin alone. The peak was slightly higher 
in the pancreatectomy-plus-toxin experiment 
than in the experiment with pancreatectomy 
without toxin, 

In the group that received dihydroergota- 
mine plus toxin, no rise in inorganic phos- 
phorus was observed for two hours (Fig. 
2 and Table), after which it was elevated 
to reach a peak at the termination of the 
experiment, The average peak was not as 
high as in the pancreatectomy-plus-toxin 
group (Figure 2 and Table). 


Amino Acids Prior to Injection of Toxin 

Various agents and chemicals have been 
reported to have a preventative effect on or- 
gan changes when injected prior to a chemi- 
cal which can produce physiologic or 
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pathologic alterations. Thus, the administra- 
tion of amino acids prior to the injection of 
DL-serine in the rat has been reported to 
modify or prevent the effect of this nephro- 
toxic agent," and the administration of 
sulfhydryl compounds and hexoses ‘7 have 
prevented alloxan diabetes in rats. In our 
studies we employed structurally different 
amino acids and other substances prior to 
the injection of the toxic agent in order to 
observe the effect upon the hyperglycemia 
in dogs induced by intramuscular injection 
of C. perfringens toxin. 

Ten groups of dogs were studied and compared 
with the toxin group. Group I (Fig. 3) consisted 
of eight dogs which received the toxin intra- 
muscularly. In Groups II-VII, three dogs were 
used for each experiment. The pH of all of the 
amino acid solutions employed was adjusted to 7.2 
The dose of the amino acids administered was 
1 gm. per kilogram body weight. It was admin- 
istered over a half-hour period and was of the 
same order of magnitude as had been previously 
reported by others.“ In Group II, intravenous 
isotonic saline was given prior to toxin and mas- 
sage. In Group III, the animals were given 5% 
dextrose intravenously prior to toxin and massage 
in the same volume as employed in the subsequent 
experiments in which amino acids were used 
Group IV _ received glycine prior to toxin and 
massage, and Group V received intravenous gly- 
cine. Group VI received 1° arginine monohydro- 
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GROUP 
Glycine + Toxin 
GROUP 
Glycine 


GROUP WI 
Arggnine + Toxin 


GROUP 

Argenine 

GROUP Wr 
Methionine + Toxin 


GROUP Ix 
Methionine 


Fig. 3.—Comparison of blood glucose (milli- 
grams per 100 cc.) values in dogs receiving toxin, 
saline and toxin, dextrose and toxin, and various 
amino acids with and without toxin. 


chloride prior to toxin and massage, and Group 
VII received intravenous L* monohydrochloride 
without toxin. In Group VIII, four animals re- 
ceived pt-methionine one hour prior to toxin and 
massage, and Group IX consisted of three animals 
which received 3% pi-methionine intravenously. 
In all of the experiments where the toxin 
was injected there was a marked reduction 
of liver and control muscle glycogen at the 
termination of the experiment as compared 
with the samples taken before the toxin was 
injected; the reduction of the liver glycogen 
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was more pronounced at the end of the 
experiments in the group that was pan- 
createctomized and received toxin in con- 
trast with the other experimental groups of 
animals, The muscle tissue in many of the 
experiment at the site of injection of the 
toxin showed an elevation of the glycogen 
levels compared with the muscle in which no 
injection had been given. The averages for 
glycogen determination in the muscle groups 
in which injections had been given were 
elevated in contrast with the muscle in the 
groups with dihydroergotamine plus toxin 
and in that with pancreatectomy plus toxin 
( Table). 

Samples of cardiac muscle (left myo- 
cardium) were taken at the end of the 
experiment to determine ‘the level of gly 
cogen. This was a single determination and 
indicates that although the level of glyco 
gen was in the accepted average range, in 
only the animal (one experiment) which 
was pancreatectomized and given toxin was 
there a reduction in the glycogen in the 
cardiac muscle. This indicates that a re- 


duction of liver and control muscle glycogen 
does not materially reduce the storage of 
glycogen in the cardiac muscle. 


In all of the groups studied, lethal doses 
of the toxin injected intramuscularly pro- 
duced extensive edema at the site of in- 
jection and consequent hemoconcentration. 
The blood pressure was not significantly 
altered in the first hour; the subsequent 
readings revealed a gradual decline to reach 
shock levels in four hours. The volume of 
urine secreted showed a prompt reduction 
within one hour in the animals that had 
received the toxin alone as well as in those 
that had received saline or dextrose prior 
to toxin; no reduction in urine volume oc 
curred in the following two hours; then it 
declined. No glucosuria was observed in 
the animals studied. In the experimental 
animals that received toxin alone, as well 
as those which received the various solu- 
tions prior to the administration of the toxin, 
there was demonstrated a variabie rise in 
the urea nitrogen level of the blood and, to a 
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smaller extent, a variable decline in the 
serum chlorides. 


Comment 


In all of the experiments the intramus- 
cular injection of C. perfringens toxin alone 
resulted in the development of a moderate 
hyperglycemia which reached a peak in two 
or three hours. This was not accompanied 
by a glucosuria. The average rise of the 
hyperglycemia was more than twice the 
control level. 

The question arises as to whether the 
hyperglycemia was a result of the effect 
of the toxin, of the toxic products upon the 
enzyme systems of the liver, or of the a- 
cells of the pancreas. A possible mechanism 
may be interference with the utilization of 
dextrose caused by local action at the site 
of injection in the muscles or to a more 
widespread effect on muscles generally.t 

In a study on the hyperglycemic mechan- 
ism following lethal doses of diptheria toxin 
in dogs, an excessive hepatic glycogenolysis, 
with a reduction in the rate of phosphoryla- 
tion and the production of a significant 
amount of an abnormal carbohydrate in the 
liver, was reported.** It was concluded that 
the excessive glycogenolysis proceeded via 
a pathway other than phosphorylosis, name- 
ly, through an abnormal pathway due to 
amylase activity. Recently it has been shown 
that the intravenous administration in rab- 
bits of a urinary extract from normal hu- 
man urine containing amylase (derived 


+The mechanism of action of C. perfringens 
toxin injected intramuscularly or intravenously 
into dogs appears to be a complex one, and it 
probably represents a combination of factors 
1. There is a lecithinase component ®””" which acts 
on the phesphatides of cell surfaces hemolyzing 
erythrocytes and affecting or destroying tissue 
cells, not only at the site of injection, but at distant 
organs. This seems to be a most important factor.” 
2. The combination of a lecithinase and a hyalu- 
t™™ (plus small amounts of 
unknown toxin) may enhance formation of edema. 
3. There is the possibility that some of the effects 
are not due to the direct action of the toxin alone 


but may be ascribed in part to the products of 
“us 


ronidase componen 


tissue breakdown 
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from serum amylase) produced hypergly- 
cemia by stimulating hepatic glycogenoly- 
sis.27 Evidence was presented that at least 
part of the increased glycogenolysis was not 
due to phosphorylase, amylo-1,6-glucosidase, 
phosphoglucomutase, or  glucose-6-phos- 
phatase. It was tentatively concluded that 
the serum amylase may influence the con- 
centration of hepatic glycogen in physiologic 
or pathologic states. 

The injection of C. perfringens toxin re- 
sulted in a marked reduction of liver gly- 
cogen, a slight reduction of the muscle 
glycogen, and an increase in glycogen in the 
extremity in which the toxin was injected 
in many of the experiments. In the ex- 
tremity where the injection was given a 
marked edema developed which was ap- 
parent two hours after injection and 
reached a maximum by the third hour. This 
increase in leg volume averaged 2% of the 
body weight, as previously reported,? and 
was similar to that reported by Kety et al.** 
There was a marked intercellular and intra- 
cellular edema of the muscles, with altera- 
tions in the permeability to fluid and 
electrolytes.” The increased glucose values 
in the injected muscles appear to reflect in a 
large measure the increased permeability of 
the muscles and blood vessels, resulting in a 
marked exudation of the hyperglycemic 


serum into the muscles. 


The lower glycogen levels of the muscles 
where no injection had been given as com- 
pared to that of the muscles at the site of 
injection of the toxin was observed in all 
of the experiments. These differences varied 
in the different experiments. This reduc- 
tion in the muscie glycogen as compared to 
the control level in the animals receiving 
the toxin appeared to be the result of a 
number of factors, such as impaired cir- 
culation with vasoconstriction, hemoconcen- 
tration, anoxia, and the effect on the 
synthesis of lactic acid into glycogen. 

The effect of the level of the blood sugar 
in its transport and utilization by the skele- 
tal muscles was observed in the animals re- 
ceiving dihydroergotamine prior to toxin. 
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The inhibition of hepatic glycogenolysis for 
a period of time by the dihydroergotamine 
(in blocking the effect of epinephrine on the 
liver) resulted in an absence of hypergly- 
cemia for two hours and lower values for 
control muscle glycogen at the termination 
of the experiment. 

The possible direct effect of the toxin or 
toxic products on the glycogen of the un- 
injected muscles may be considered, al- 
though the results appear to make this 
mechanism in relation to hyperglycemia less 
likely. In the animals receiving the toxin 
alone the muscle glycogen was reduced, while 
in the experiments in which there was a 
pancreatectomy plus toxin, resulting in a 
higher level of hyperglycemia as well as 
increased severity and duration of shock, 
a lower level of muscle glycogen was ob- 
served. 

A possible explanation for some of the 
observations noted in our experimental ani- 
mals and under conditions of the experi- 
mental studies may be tissue anoxia. The 
elevation in blood sugar and inorganic phos- 
phorus and the diminution in liver and 
muscle glycogen may be partially explained 
by the anoxia and anaerobic breakdown of 
carbohydrates, which yield much less energy 
than when they are metabolized aerobically. 
This is accompanied by increased peripheral 
utilization of dextrose in the shocked ani- 
mals, reduction in muscle glycogen, a fall in 
body and limb temperature, and a depletion 
of high-energy phosphorus compounds which 
are essential 
bohydrates. 


for the metabolism of car- 


The total pancreatectomy was performed 
prior to the administration of the toxin in 
order to assess the influence of insulin and 
glucagon secretion upon the hyperglycemia, 
glycogenolysis, and shock as a result of the 
toxin. From our experimental data com- 
paring the blood-sugar curves for the ani- 
mals that received the toxin with the curves 
for the animals who had the pancreatectomy 
prior to the toxin, it did not appear probable 
that the hyperglycemia was due to glucagon 
secretion by the toxin. The latter experi- 
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ments point to the role of insulin lack in 
the hyperglycemia and the increased rate of 
glycogenolysis. It was recently reported, by 
Bhattacharya,*” that oxidative phosphory- 
lation by liver homogenates was enhanced 
by insulin and that the enhancement was 
more pronounced with homogenates pre- 
pared from the livers of alloxan-diabetic 
rabbits than with those prepared from nor- 
mal rabbits. 

It has been demonstrated that phosphory- 
lase is an enzyme which is essential for the 
formation of glycogen from hexose-1-phos- 
phate and exists in two forms: an active 
form, phosphorylase A, and an_ inactive 
form, phosphorylase B. Cori and Green ® 
have demonstrated that muscle and other 
tissues contain an enzyme which converts 
the active phosphorylase A to the inactive 
phosphorylase B. It was further shown 
that when muscle is stimulated the rate of 
conversion of phosphorylase A is increased, 
indicating an in vivo action of the phos- 
phorylase enzyme and that it would in- 
fluence the breakdown of glycogen. 

The striking inhibiting effect of the ergot 
alkaloids upon the epinephrine hypergly- 
cemia with the strongest inhibiting effect 
exhibited by dihydroergotamine was first 
shown by Rothlin and confirmed by Spuh- 
ler.*? It was shown by Braunsteiner et al. 
that dihydroergotamine markedly inhibited 
the hyperglycemia induced by ether in both 
normal and adrenalectomized rats. In our 
experiments the administration of dihydro- 
ergotamine partially inhibited the hyper- 
glycemia produced by C. perfringens toxin 
but did not prevent the hepatic glycogen 
breakdown. The dihydroergotamine ap- 
peared to have an effect in temporarily 
inhibiting the glycogen breakdown after pan- 
createctomy and after pancreatectomy plus 
toxin but did not prevent the marked rise 
in blood sugar. Thus hepatic glycogen 
breakdown, the hyperglycemia, and the rise 
in inorganic phosphorus appeared to be due 
to the direct effect of the toxin, the toxic 
products, or a combination of both upon 
the enzymes of the liver, and the effect of 
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the sympathetic-adrenal stimulation in- 
duced by shock or stress. 

Further, in a series of studies on experi- 
mental shock and the effect of tourniquets 
or pressure cuffs on the hindlimbs of dogs 
and rats it has been shown that the blood- 
sugar level is increased early in shock, and 
terminally the concentration of sugar in the 
blood is reduced and may fall below the 
control values. The possible mechanism for 
the continued elevation of blood sugar in 
our experimental animals following the in- 
jection of C. perfringens toxin into the 
muscle of the hindleg of the dog may in 
part be similar to that given by Haist.** 
He believed that the elevation in blood sugar 
while the clamps are in place on the dog’s 
or rat's hindlimbs may be ascribed to sym- 
pathetic stimulation as a result of pressure 
exerted by the clamps on underlying nerves. 
When the pressure of the clamps is released 
or the pressure of the injected fluid is 
diminished on the muscle there may be a 
liberation of epinephrine. He believed that 
the hypoglycemia that occurs later in shock 
was probably due to depletion of the stores 
of glycogen in the liver or an increased 
utilization of glucose by the peripheral tis- 
sues. We have demonstrated a reduction in 
the glycogen concentration in the liver and 
in muscle in which no injection was given 
in our experimental animals who were in 
shock. A similar observation was recorded 
by Haist,** who noted a marked reduction 
in glycogen of skeletal muscle 12 to 14 
hours following the application of clamps on 
the hindlimbs of the experimental animals. 
There is evidence to indicate that animals in 
shock exhibit an impaired ability to store 
glycogen, even when fed sugar by mouth.” 

It was shown by Sutherland and his co- 
workers *"* and Vaughan *® that the dog- 
liver phosphorylase was reversibly inacti- 
vated in vitro by dephosphophosphorylase 
kinase, referred to as phosphokinase. They 
deduced from the increased glucose released 
by the liver by epinephrine that it may act 
by stimulating some portion of the phos- 
phokinase system. Possibly the C. perfrin- 
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gens toxin too may act in part by directly 
sumulating some portion of this system. 
The hyperglycemia did not occur in the 
animals which received the amino acids 
(methionine, glycine, or arginine) or dex- 
trose prior to the administration of the 
toxin. That a hyperglycemia similar to that 
observed in the animals receiving the toxin 
alone was noted in the animals that had 
received saline prior to toxin indicated that 
dilution alone of the effect of the toxin was 
apparently ineffective in preventing the hy- 
perglycemia. Shifts of fluid and electrolytes 
of a large magnitude with the development 
of hemoconcentration, local edema, and 
shock were observed both in the group of 
animals which had received the various solu- 
tions prior to the injection of the toxin and 
in the group that had received the toxin 
alone, In view of the fact that the amino 
acids and the dextrose did not inhibit most of 
the widespread physiologic and biochemica! 
actions of the toxin, it would be reasonable 
to assume that the amino acids and dextrose 
did not react with the toxin or toxic prod- 
ucts leading to an inactivation of the latter. 


Conclusions 


Lethal doses of C. perfringens toxin in- 
jected intramuscularly into the hindlimbs of 
dogs and massaged produced a hepatic gly- 
cogenolysis with hyperglycemia and without 
glucosuria. There was also a concomitant 
increase in serum inorganic phosphorus. 
Injections of solutions of arginine, glycine, 
methionine, and dextrose prior to the in- 
jection of the toxin prevented the hyper- 
glycemia. Prior injections of saline solution 
did not affect the hyperglycemia. 

Pentobarbital (Nembutal) alone did not 
have any appreciable effect on the blood 
serum glucose and inorganic phosphorus. 

Dihydroergotamine administered prior to 
the C. perfringens toxin may result in a 
delay of hepatic glycogen breakdown. In 
pancreatectomy plus toxin there was ob- 
served a more pronounced glycogen break- 
down, Dihydroergotamine injected prior to 
toxin is accompanied by a delayed hypergly- 


Vol. 64, Dec., 1957 


2 

i 

af 


HYPERGLYCEMIA INDUCED BY C. PERFRINGENS TOXIN 


cemia, Pancreatectomy plus toxin resulted 
in a more pronounced elevation of blood 
glucose and inorganic phosphorus. 


(slycogen determinations of the uninjected 
leg muscle in all of the experiments showed 
a reduction of the glycogen content at the 
end of the experiment. Glycogen values for 
the muscle at the site of the toxin injection 
were usually increased. 


Summary 


\ possible explanation for the mechan- 
isms involved in the production of hyper- 
glycemia in our experimental studies is 
briefly reviewed. Hepatic glycogenolysis, the 
rate of phosphorylation, and the role of liver 
and muscle glycogen are some of the factors 
that may be involved in the altered physio- 
logic and pathologic states in the production 
of the hyperglycemia following injection of 
Clostridium perfringens toxin. 


Hospital Laboratory, University of Illinois Col- 
lege of Medicine, 808 S. Wood St. (Dr. Berg). 
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Production of Aortic Rupture in Turkey Poults Fed 


Beta-Aminopropionitrile 


J. J. LALICH, M.D.; B. D. BARNETT, Ph.D., and H. R. BIRD, Ph.D., Madison, Wis. 


Several workers have demonstrated that 
B-aminopropionitrile (BAPN) is one of the 
toxic factors in sweet pea ( Lathyrus odora- 
tus) meal which when fed to growing rats 
will produce skeletal deformities.’* Some 
rats when fed sweet pea meal*® or 
BAPN #* may also develop lesions of the 
aorta that frequently rupture. Because a 
similar arterial abnormality has been ob- 
served by McSherry et al.* in commercially 
reared turkeys it seemed advisable to de- 
termine the effect on this species. The in- 
cidence of hock abnormalities, leg paralysis, 
skeletal deformities, parenchymal hemor- 
rhage, and aortic rupture observed after 
feeding BAPN has been reported else- 
where.’ In this study the microscopic altera- 
tions related to the development of aortic 
rupture in birds fed BAPN HCI will be 
evaluated. 


Method 


Broad-Breasted Bronze turkey poults were 
started in electrically heated batteries with raised 
wire floors. The survivors were transferred to 
growing batteries at approximately 4 weeks of 
age. Experimental diets were supplied ad libitum 
from one day of age. A high-energy diet calculated 
to contain 28% protein was fed during these experi- 
ments (Table 1). For convenience in storage and 
incorporation in the diet the hydrochloride salt of 
BAPN * was fed. The concentrations of BAPN 
HCl added to the test diets are given in Table 2 
The birds were weighed each week, and obvious 
abnormalities were recorded. Those poults which 
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TABLe 1.—Basal Ration 


Cim./ Ke. 


Ground yellow corn. 
Soybean oil meal. 
Fish meal 

Oat groats 

Alfalfa meal 

Meat scraps 

Choice white grease _. 
Dried whey... 

Chiek grit.. 

Chick size oyster shell. 
Salt 


Choline chloride. 

Activated 7-dehydroe holesterol (vitamin 
D,) supplement (1,500 1.C.U./gm.) 

Methionine 

Cc yanocobalamin- 
ment (6 mg./Ib.) 

Penicillin supplement (4.gm./Ub. (0.5 


Plus the following per kg. 


(vitamin supple- 


6,000 U.S unite 
6 me. 
40 meg. 
10 meg. 
me. 


Vitamin A palmitate 
Riboflavin... 
Nicotinic acid (niacin) 
Ca pantothenate 
a-Tocopherol acetate . 


died in Assays 2, 4, 6, 8, and 9 were autopsied, and 
the cause of death established whenever possible 
Thirteen control birds in Assays 1, 3, and 7 were 
killed and the organs examined. The aorta was 
dissected from the heart to the iliac bifurcation. 
In Assays 10, 11, and 12 the birds which did not 
die were autopsied after 10 weeks. The tissues 
were fixed in 10% formalin. Five to eight seg- 
ments from different levels of the aorta were taken 
for study in each case. The tissues were embedded 
in paraffin blocks and stained with hematoxylin 
and eosin. 


Results 


Gross and microscopic observations of 23 
control and 77 test poults fed different con- 
centrations of BAPN HCI are listed in 
Table 2. 

Gross Observations.-Birds fed 0.25% 
concentration of BAPN HCl developed leg 
paralysis and died within two weeks (Group 
2). Paralysis of the legs was the most 
conspicuous manifestation of toxicity when 
0.06% and 0.12% BAPN HCl was included 
in the diet (Groups 4 and 6). In addition 
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Taste 2.—-Anatomic Alterations Observed in Turkey Aortae 


Cumulative — 


BAPN HC! 
in Poults, 
Diet, % No 
0.00 11 
0.25 11 (5) 
6.00 6 (0) 
0.12 6 (6) 
0.00 13 (0) 
0.06 14 (12) 
6.00 13 (2) 
O04 13 (12) 
0.04 13 
0.00 10 (0) 3,129 
0.08 10 (7) 2,706 


12 O02 10 (3) 2,625 


* Number which died during the course of the experiment is 


to paralysis 8 of 19 birds also had hemor- 
rhage in one or more of the following parts : 
heart, lungs, and muscles of the wings or 
legs. A distinction is made between focal 


Fig. 1.—Section of thoracic aorta from a 10- 
week-old control turkey. The media has many 
smooth muscle bands which did not stain. Dark- 
staining elastic fibers can be seen in between the 
muscle bundles. Bands of smooth muscle and 
elastic fibers are present throughout the media, 
and they tend to align themselves parallel to the 
intimal surface. Weigert’s stain; & 75 


No. with Alteration 
Gross 

Aortic Parenchymal Medial Intimal 

Kupture Bleeding Hemorrhage Fibrosis 


= 


se 


indicated in parentheses. 


parenchymal hemorrhage observed the 
heart, lungs, or muscles and bleeding due to 
aortic rupture. Rupture of the aorta with 
massive abdominal bleeding is secondary to 
dissecting medial hemorrhage. Focal hemor- 
rhage into the lungs, heart, or muscles oc- 
curred without obvious arterial perforation. 


Fig. 2.-Photomicrograph of the same area as 


Figure 1 at a higher magnification. Dark wavy 
elastic fibers are more apparent at this magnifica- 
tion. Weigert’s stain; & 150 
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AORTIC RUPTURE IN TURKEY POULTS 


Fig. 3.—Section of abdominal aorta from a 10- 
week-old control poult. Smooth-muscle bundles 
are usually absent at this level. The elastic fibers 
are more prominent in the outer one-third of the 
media, Fibroblasts and collagen fibrils are more 
abundant in the inner two-thirds of the media. In 
a normal turkey aorta the intima and adventitia 
are poorly defined structures. Weigert’s stain; 
150 


Although the source of parenchymal bleed- 
ing usually was not demonstrated, hemor- 
rhages into the pericardial sac or lungs on 
occasion were massive and undoubtedly re- 
sponsible for death. Four of thirteen birds 
(Group 6) died of abdominal aortic rupture. 
The aortas invariably perforated at a site 
between the diaphragm and the renal ar 
teries. This resulted in massive hemoperi- 
toneum or a large retroperitoneal hematoma. 
The latter occasionally dissected along the 


aorta into the mediastinal space. The per- 


forations were apparently sudden, because 
neither gross aneurysmal dilatation nor ad- 
ventitial fibrosis was evident at the point of 
rupture. The anatomic location of the ar- 
terial rupture in this study therefore is 
similar to that described by McSherry et al. 
When BAPN HCl was fed at concentra- 
tions of 0.03% and 0.04% for four weeks, 
leg paralysis was less frequent and less 
severe (Groups 8 and 9). Aortic rupture 


Lalich et al. 


Fig. 4.—Abdominal aorta of a 10-week-old con- 
trol turkey. A well-defined intimal fibrous plaque 
is evident. Hematoxylin and eosin; 60. 


Fig. 5.—Section of thoracic aorta from a turkey 
fed 0.02% BAPN HCl in the diet for 10 weeks. 
There is focal medial hyalinization and an asso 
ciated intimal fibrosis. Hematoxylin and eosin; 


x 60. 


< 

» 
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Fig. 6—Section of an abdominal aorta at the 
site of aortic rupture from a turkey fed 0.04% 
BAPN HCl for four weeks. A dissecting medial 
hemorrhage and periarterial bleeding are evident. 
Hematoxylin and eosin; > 60 


Fig. &—Section of lung from a turkey fed 0.03% 
BAPN HCl for seven weeks. This turkey died 
following a massive pulmonary hemorrhage. The 
bronchial lumen is filled with blood. Hematoxylin 
and eosin; 30 
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Fig. 7.—Abdominal aorta from a turkey ied 
0.03% BAPN HCl for five weeks. A dissecting 
medial hemorrhage can be seen. Hematoxylin and 
eosin; 60 


occurred in 8 of 26 test birds, and hemor- 
rhage into other organs was observed in 5 
poults in these assays. Three of ten poults 
died of aortic rupture when fed 0.03% 
BAPN HCl for 10 weeks (Group 11). In- 
corporation of 0.02% BAPN HCl in the 
diet did not produce aortic rupture in 10 
weeks (Group 12). Three of the poults in 
this group developed leg weakness or 
paralysis prior to death. Turkeys dying for 
reasons other than aortic rupture or paren- 
chymal hemorrhage invariably suffered from 
leg weakness or paralysis. Except for oc- 
casional focal hemorrhage in some of the 
test poults no other abnormalities were ob- 
served. Death in such birds is presumed 
to be due to one or more of the following 
reasons : leg weakness, hemorrhage into one 
or more organs, or malnutrition. Only two 
birds which died or were killed had minimal 
bronchopneumonia. In contrast to observa- 
tions made in rats fed BAPN HCl gross 
deformities of the sternum and vertebral 
column were minimal or absent on poults in 
Groups 11 and 12. 
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AORTIC RUPTURE IN TURKEY POULTS 


The thoracic aorta and the brachiocephalic 
branches are large-caliber arteries with a 
thick media which rapidly diminishes in 
width distal to the mesenteric artery. On 
gross inspection of arteries in control birds 
the aortas were normal except for 2 to 3 
mm. areas of intimal fibrosis in 2 of 10 
poults (Group 10). 

Microscopic Observation——The normal 
turkey aorta on the basis of variations of 
size and structure shows the following con- 
spicuous features at different sites: 1. The 
arch, brachiocephalic branches, and upper 
thoracic aorta are of large diameter, with a 
media in which conspicuous bands of smooth 
muscle are separated by elastic fibrils, colla- 
gen, and ground substance. In the lower 
thoracic aorta the media diminishes to 50% 
of its original width, while the proportion of 
muscle bundles, elastic fibers, and collagen 
remains constant. 2. The abdominal aorta 
is where the media is approximately one- 
third to one-fourth the widst of the media 
of the aorta at its origin. In the abdominal 
aorta the elastic fibrils are present in the 
outer half of the media, whereas the inner 
half contains more fibroblasts and collagen. 
Distinct bands of smooth muscle are usually 
not apparent in the abdominal aorta. The 
intima and the adventitia are poorly de- 
fined structures at all levels of the turkey 
aorta. Nothing unusual was observed in the 
aorta from 13 control poults up to 4 weeks 
of age. In the 10-week control poults, how- 
ever, degenerative changes were observed. 
Minimal vacuolation of the media in the 
upper and lower thoracic aorta was present 
in each case. Calcification was observed in 
the arch of one poult. Intimal fibrous thick- 
ening or fibrous plaques was seen in 5 of 
10 poults. 

Vacuolation of the media is more prom- 
inent and extensive in the arteries of test 
than of control birds. Focal medial hyalini- 
zation was uncommon in the aorta of test 
poults, being observed in only one instance 
in Assay 12. Fragmentation of elastic fibrils, 
which was rare in control aortas, was 
present in one or more foci in over half of 
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the test poults. In the poults which died of 
aortic ruptures we observed dissecting 
medial hemorrhages in addition to other de- 
generative changes. Intimal fibrosis was 
usually present adjacent to the areas of 
arterial perforation. Aneurysmal dilatation 
and conspicuous adventitial fibrosis was 
minimal or lacking. Except for focal hemor- 
rhage in the heart, lungs, or muscles the 
other organs were normal in the test birds. 
Nothing significant was observed in the 
liver, kidneys, intestines, or bone marrow 
of control birds. 


Comment 


In contrast to the anatomic pecularities 
observed in the turkey aorta, the thoracic 
and abdominal aorta of the rat is more 
uniform, Depending on the variation of the 
different components, the turkey aorta may 
be subdivided into two zones on microscopic 
examination. The bands of smooth muscle 
are more prominent in the thoracic aorta in 
turkeys than in rats. The rat has coarser 
strands of elasiic fibrils in its aorta. The 
diameter of the aorta and the media also 
gradually diminish in size from the heart 
to the iliac arteries in the rat. In contrast to 
this, the thoracic and brachiocephalic ar- 
teries in turkeys are three to four times the 
diameter of the abdominal aorta. Sponta- 
neous arterial degeneration is minimal and 
uncommon in normal rat aorta,* whereas 
medial edema, calcification, and intimal fi- 
brosis were observed in arteries of 10-week- 
old control poults. Turkeys also respond 
differently than rats to BAPN HCl feeding. 
When fed 0.06% to 0.25% of BAPN HCl 
they manifest leg paralysis associated with 
widely disseminated focal hemorrhages and 
usually die within four weeks. On the other 
hand, rats develop skeletal deformities and 
perforation of the aorta until from four to 
seven weeks of a diet of 0.25% BAPN 
HC1* It was not possible to prevent aortic 
rupture in turkeys by feeding a high-protein 
(28%) ration in association with BAPN 
HCI in concentrations of 0.03% to 0.06%. 
This is in contrast to our observations on 
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rats that the 20% protein diet did reduce 
the incidence of aortic rupture significantly 
in animals receiving the toxic Lathyrus fac- 
tor in sweet peas.” It was necessary to re- 
duce the concentration of BAPN HCl in 
the diet to produce aortic rupture in turkeys. 
Weakness or paralysis of the legs and 
parenchymal hemorrhage were less pro- 
nounced, and perforation of the abdominal 
aorta was commoner when lower concen- 
trations of BAPN HCl were used. In both 
species BAPN HCl alters the integrity of 
the media and predisposes to dissecting 
medial hemorrhage and aortic perforation. 
In Sprague-Dawley rats perforations occur 
usually in the region of the arch, whereas 
in turkeys the abdominal aorta is the site of 
predilection. Whether the site of arterial 
rupture is attributable to the gross anatomic 
differences which exist in the two species or 
to other factors is not known. In turkeys 
the dissecting hemorrhage extends rapidly 
through the media, because aneurysmal dila- 
tation and adventitial fibrosis are uncommon. 
Intimal fibrosis, however, is common ad- 
jacent to the site of arterial perforation in 
both species. Gross and microscopic studies 
indicate that toxic manifestations to BAPN 
HCI feeding are more pronounced in turkeys 
than rats, and lower concentrations of the 
toxic Lathyrus factor in the diet will pro 
duce aortic rupture in turkeys. 


Summary 

lifteen of seventy-seven poults that were 
fed varying concentrations of B-aminopro- 
pionitrile hydrochloride (BAPN HCl) in 
the diet developed aortic rupture of the ab- 
dominal aorta. No such lesion developed in 
23 control poults. The perforations were 
associated with fragmentation of elastic 
fibers and dissecting medial hemorrhages. 
The turkey is more susceptible to aortic 


A.M 


A, ARCHIVES OF PATHOLOG) 


rupture than the rat, requiring from four to 
eight times less BAPN HCl in the diet to 
produce the lesion. 

It is of considerable interest that diffuse 
or localized intimal fibrous thickening was 
observed in 5 of 23 control poults. 


Department of Pathology, University of Wis 
consin, 426 N. Charter St. (6). 
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Effects of X-Rays and Trypan Blue on 


Reticuloendothelial Cells 


N. R. DI LUZIO, Ph.D.; K. A. SIMON, B.A., and A, C. UPTON, M.D., Oak Ridge, Tenn. 


The importance of the reticuloendothelial 
(RE) cells as phagocytes (Berry and Spies *) 
and as potential precursors of hemopoietic 
cells (Bloom *) makes them of fundamental 
significance in radiation sickness. Although 
traditionally regarded as relatively radiore- 
sistant on the basis of histologic observations 
(Bloom * and Brecher et al.*) and studies 
of phagocytic activity (Barrow et al.,? Wish 
et al.,® and Fitch et al.™), later investiga- 
tions (Gabrieli and Auskaps, Taplin et 
Gabrieli and Cutler,’* Gordon et 
and Donaldson et al.*) suggest that the cells 
of the reticuloendothelial system (RES) are 
radiosensitive, at least insofar as certain of 
their phagocytic functions are concerned, 

This study was undertaken to evaluate 
further the influence of whole-body x-radia- 
tion on the function of the RES and on the 
capacity of the RES to respond to sustained 

Submitted for publication May 9, 1957. 
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stimulation by repeated injections of trypan 
blue.* 


Methods 


Male rats of a subline of the Wistar strain, 
weighing 150 to 230 gm. and allowed free access 
to Purina Chow and drinking water, were given 
intraperitoneal injections of 1 ml. of a 1% 
solution of trypan blue each day for 7, 14, or 21 
days (after the 14th day injections were given 
every other day for the remaining 7 days). 
Controls were given intraperitoneal injections of 
1 ml. of isotonic saline solution. Daily injections 
of dye or saline were also administered for seven 
days after whole-body x-irradiation (Table 1). 
Irradiation was carried out with the following 
factors: 250 kvp x-rays; 30 ma., 3.0 mm. of Al 
filtration plus Be window (HVL 0.4 mm. of Cu), 
TSD 94 cm., rate approximately 60 r per minute. 
The animals were exposed in a circular Lucite cage 
rotated on a turntable beneath the x-ray tube at 
7 rpm. One day after the last injection of dye 
the rats were anesthetized with ether and 50yc. to 
100uc. of colloidal Au™ (Abbott Laboratories) 
was injected into the exposed femoral vein. 
During the first five minutes after injection five 
0.1 ml. samples of tail blood were obtained for 
determination of the intravascular half-life of the 
isotope, and one hour after injection a terminal 
blood sample was obtained by cardiac puncture 
with ether anesthesia. Immediately thereafter the 
rats were killed by pneumothorax; the organs 


* Trypan blue, C. I. No. 477, National Aniline 
Division, Allied Chemical & Dye Company. 


Taste 1.—Effect of X-Radiation and Trypan Blue on Body Weight and on Blood 


Clearance of Radioactive Colloidal Gold 


Treatment 
Injection 


Saline (control) 
Trypan blue 
Trypan blue 
Trypan blue 
Trypan blue 
Saline 


Av. Gain in Au'??t/2, Terminal 
Sec. * Blood Conen. 
ise 


Au'**, 
1D/100 mi.t 


9449.9 
Walls 


* t/2 indicates time at which 50% of the injected dose (ID) has left the blood stream, 
+ Terminal blood sample was obtained | hr. after injection of Au'**. 


No. 
r Days 
7 19 0040.3 0.18-40.03 
0 7 7 03 734274 0.19-40.04 
0 “4 7 0.2 44143 
0 a1 ‘ 04 87-4-13.1 0.24-4-0.05 
400 0.2940 07 
400 7 7 1.2 | 0.324001 
649 


Taste 2.—Effects of X-Radiation and Trypan Biue on Liver and Spleen Weight and 
Uptake of Colloidal Gold 
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Treatment Liver 
r Injection Days Mean Fraction of 
Wt., Body Wt., ID, %* 
Om. 
© Saline (control) 7.2 3.43-40.06 93.743.1 
0 Trypan blue 7 7.7 44240.17 80.94-2.9 
Trypan blue 4 9.1 4.9640.12 5344.0 
Trypan blue 21 4.3240.30 91.0424 
«6Trypan blue 7 4.0 4.1240.00 85.7436 
Saline 7 745 3.3940.19 86.1410 


* ID indicates injected dose. 


were weighed, and weighed tissue samples were 
taken for analysis of the radiogold concentration 
by means of a scintillation counter. Specimens of 
tissue were also fixed in Zenker formol for 
histologic study and in 95% alcohol (ethanol) 
for autoradiographic examination. Autoradio- 
grams were prepared by the method of Gude et 


Results 


Blood Clearance of Radiogold.—The rate 
of removal of gold from the blood stream 
was similar to that noted earlier (Di Luzio *) 
and was only slightly reduced by prolonged 
administration of trypan blue or by irradia- 
tion, there being no statistically significant 
difference between the irradiated rats and 
the controls in the mean intravascular half- 
life of the isotope (Table 1). Furthermore, 
combined treatment with both x-rays and 
trypan blue produced no greater effect than 
x-rays alone. The blood content of radiogold 
one hour after injection did not deviate 
significantly from the control level in any 
of the experimental groups. 

Organ Uptake of Colloidal Gold.—The 
organ distribution of radiogold (Table 2) 
was similar to that noted previously (Shep- 
pard et Lahr et al.,** and Di Luzio*), 


Spleen 


t e of Mean Fraction of | ptake of U e of 
1D/Gm., Wt., Body Wt., ID, %* ID/Gm., 
Gm %" 
13.141.1 107 0.4940.04 143+0.23 13340.14 
11.940.7 1.4 1.00-+-0.09 2.7640.37 1.43+0.18 
9640.6 2.42 1.4440.19 4.124044 1.704-0.21 
WAtL4 2.85 1.5440.17 4.034047 140-4-0.24 
10.9403 050 0.254-0.02 1.1340.14 2.254-0.19 
12.1404 0.36 0.204-0.05 1.8940.14 


most of the injected radioactivity being taken 
up by the liver and spleen. 

Neither trypan blue administration nor 
x-irradiation, alone or conjointly, produced 
any significant alteration in the total uptake 
of gold by the liver. The significant 
(P=0.02) decrease in the hepatic concen- 
tration of Au’ noted in the 14- and 21-day 
trypan blue groups was caused chiefly by 
the increase in liver mass, which when ex- 
pressed in terms of the change in liver-to- 
body-weight ratio amounted to an increment 
of approximately 30%. The x-irradiated 
animals given injections of trypan blue like- 
wise showed an increase in liver weight and 
a decreased hepatic concentration of Au'™. 

The uptake of colloidal Au’ by the 
spleen increased progressively with the 
amount of trypan blue received, amounting 
to two to three times normal in the rats 
given injections of dye for 21 days. The 
concentration of gold in the spleen was not 
significantly altered, however, since the 
weight of the spleen was also greatly in- 
creased, Irradiation markedly reduced the 
weight of the spleen and its total uptake of 
Au'*, but these changes were reversed in 


Taste 3.—Histologic and Hematologic Changes in Rats After Administration of 


Trypan Blue and X-Radiation 
Liver Spleen Lymph Nodes Kidney Blood 
Treatment Amount RE Cell Erythro- RE Cell Lympho- Amount Gross Severity Degree of 
. ~ Blue Hyper- poiesis Hyper- polesis Trypan Blue Amt. Erythro- 
r Injection Days in Kupffer in Tubular Trypan Anemia blastosis 
Cells Epithelium Blue in 


0 Saline (control) + 

0 Trypan blue 7 +++ 

0 Trypan blue 4 +++ +++ +++ 

0 Trypan blue 21 te +4+4+4+ 
400) «Trypan blue 7 ++ ++ + 
400 Saline 7 0 + + 


Plasma 


++ ~+ + ++ 
+++ ++ ++ +++ ++ ++ 
++++ + +++ +++ +++ +444 
++ + ++ ++ +++ + 
+> + 0 0 ++ 0 
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part by the injection of dye after irradiation 
because of the proliferation of RE cells 
thereby induced. 

The amount of Au'®* taken up by the lung 
varied considerably, being 1% or less of the 
injected dose. Owing to the variability of 
the data, no definite effects were apparent 
after irradiation or administration of dye. 

The average radiogold content of the 
kidney was about 0.07% of the injected 
dose and did not deviate significantly from 
this value in any of the experimental groups. 

Histologic and Hematologic Changes.— 
The microscopic alterations of reticular tis- 
sues, kidneys, and blood in the animals given 
injections of trypan blue (Table 3) were 
similar to those noted previously ( Evans,” 
Hetherington and McMillan,?! Gillman et 
al.,'7 Papacharalampous,** and Gillman '*). 

In the liver, accumulation of dye in the 
Kupffer cells was conspicuous by the end 
of the first seven days, before which time 
the blood plasma had become grossly stained. 
The prominence of dye within the Kupffer 
cells increased progressively with further 


Fig. ee blue-stained granules in cyto- 
plasm of Kupffer cells. Hematoxylin and eosin; 
1000. 
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EFFECTS OF X-RAYS AND TRYPAN BLUE ON RE CELLS 


Fig. 2.—Amorphous trypan blue-stained material 
in cytoplasm of Kupffer cell. Hematoxylin and 
eosin; 1000. 


administration of trypan blue. The dye ap- 
peared in the cytoplasm of the cells as 
irregularly shaped granules, rods, and 
threads (Fig. 1); surrounding clear spheri- 
cal intracytoplasmic vacuoles (lig. 2) (the 
vacuolated cells usually exhibited nuclear 
pyknosis, karyorrhexis, and other signs of 
degeneration), or as large amorphous intra- 
cytoplasmic clumps of dye-stained grayish- 
blue material (Fig. 3) (seen only in greatly 
enlarged Kupffer cells that were in various 
stages of degeneration). [rankly necrotic 
dye-laden Kupffer cells were numerous in 
the rats given injections for 14 or 21 days. 

Colloidal Au’ was concentrated in Kupf- 
fer cells, as judged from autoradiograms, 
in agreement with previous observations 
(Stembridge et al.**). The radioactive 
Kupffer cells were most numerous at the 
periphery of the lobule but were also present 
in smaller numbers in the midzonal or cen- 
tral portions. In general, although radio- 
activity was present in many cells containing 
trypan blue, the uptake of Au'* appeared 
to be diminished in those cells that were 
heavily loaded with dye. The distribution of 
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Fig. 3.—Trypan blue-stained material surround- 
ing vacuoles in cytoplasm of Kupffer cells, Hema- 
toxylin and eosin: * 1000 


radiogold was not materially affected by 
prolonged administration of trypan blue, nor 
was there any detectable effect of irradiation 
om the distribution of isotope or dye within 
the liver. This finding is in contrast to the 
observations of Gabrieli and Auskaps," 
who noted an altered intralobular distribu- 
tion of chromic — phosphate-containing 
Kupffer cells after as little as 25 r of x-rays. 

The spleen exhibited marked hyperplasia 
of RE cells in animals given injections with 
trypan blue, the proliferation of macro- 
phages varying in proportion to the amount 
of dye received. Accompanying this there 
was erythrophagocytosis, hemosiderosis, 
lymphoid atrophy, and erythropoietic hyper 
plasia. In the irradiated rats that received 
trypan blue, RE hyperplasia occurred to a 
degree comparable with that in the corre 
sponding nonirradiated dye-injected animals, 
although proliferation of hemopoietic cells 
was greatly reduced, Trypan blue was noted 
in the cytoplasm of scattered histiocytes, 
which were located chiefly at the periphery 
of the germinal centers and exhibited fea- 
tures similar to those of the Kupffer cells 
described. Radiogold was noted autoradio- 
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graphically in occasional macrophages lining 
sinusoids. As in the liver, the amount of 
radioactivity in such cells appeared to be 
inversely related to the amount of dye 
present. 

Deposition of trypan blue in the epithe- 
lium of the proximal convoluted tubules of 
the kidneys was highly conspicuous at the 
end of seven days, increasing in amount and 
distribution on further administration of 
dye. The trypan blue was concentrated in 
the cytoplasm of the cells in the form of 
irregular granules, rods, and threads, most 
numerous between the nucleus and the base- 
ment membrane (Fig. 4). In rats given 
injections for 14 and 21 days, desquamated 
dye-stained cells were present in the lumen 
of the convoluted tubules and dye-stained 
cellular casts were noted in collecting tu- 
bules. The latter appeared slightly more 
numerous in the irradiated than in the non- 
irradiated animals. No appreciable concen- 
tration of radioactivity was found in 
autoradiograms of kidney tissue. 

The lymph nodes exhibited marked RE 
hyperplasia in the rats given injections of 


Fig. 4.—-Trypan blue-stained granules in cyto- 
plasm of cells of proximal convoluted tubule of 
kidney. Hematoxylin and eosin; « 1000 
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trypan blue. This hyperplasia was propor- 
tional to the amount of dye received and 
was noted even in the irradiated animals. 
Accompanying this change there were 
erythrophagocytosis and lymphoid atrophy. 
The latter was most pronounced in_ the 
irradiated rats, in which the lymph nodes 
appeared to be composed chiefly of histio- 
cytes (Fig. 5). Dye-laden macrophages 
were also present, in addition to small num- 
bers of hemosiderin-containing phagocytes. 

The bone marrow showed erythropoietic 
hyperplasia in the trypan blue-injected 
animals, as judged from the histologic ap- 
pearance of marrow sections, along with 
scattered dye-laden histiocytes. In the irradi- 
ated rats, hemopoietic activity, although 
nearly normal, was not fully resumed by 
the seventh day. 

The serosal cells and histiocytes of the 
mesentery contained large amounts of trypan 
blue and presented an appearance similar to 
that of the Kupffer cells described. In- 
creased numbers of histiocytes in the mes- 
entery suggested the occurrence of RE 
hyperplasia, and a few mitotic figures were 

Fig. 5—Mesenteric lymph node containing pre- 


dominantly reticulum cells. Hematoxylin and 
eosin; 1000 
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Fig. 6.—Peripheral blood smear containing 
numerous normoblasts. Wright-Giemsa stain; 
1000. 


noted in such cells. Many macrophages were 
greatly distended with dye, and various 
stages of degeneration and necrosis of these 
elemerits were observed, 

Terminal leukocyte and differential blood 
cell counts disclosed a lymphopenia and an 
anemia in the trypan blue-injected and in 
the irradiated rats. The anemia varied in 
severity with the amount of dye received, 
In proportion to the severity of the anemia 
there were basophilia of the erythrocytes, 
reticulocytosis, and erythroblastosis of the 
peripheral blood (lig. 6). The latter was 
not observed, however, in the rats that had 
been subjected to irradiation. 

Since numerous macromolecular com- 
pounds have been demonstrated to produce 
atheroma-like lesions ( Hueper **), and since 
the trypan blue-albumin complex is stated 
to behave as a macromolecule (Gillman '), 
the aorta was examined histologically. No 
abnormalities were found in the aorta or 
other blood vessels of any of the dye-injected 
rats. 

Histologic examination of other tissues 
failed to reveal significant changes except 
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for the occurrence of trypan blue-containing 
macrophages, which were noted in all organs 
examined, and atrophy of the germinal epi- 
thelium of the testis in the rats exposed to 
X-rays. 


Comment 

It is significant that sublethal whole-body 
x-irradiation, which caused marked depres- 
sion of hemopoietic cells in the bone marrow, 
spleen, and lymph nodes, failed to impair the 
ability of RE cells to proliferate in response 
to subsequent stimulation by repeated in- 
jections of trypan blue. Furthermore, the 
rate of removal and organ distribution of 
the colloid was only slightly altered by 
irradiation, as noted by Brecher et al,® 
Barrow et al.,2 Wish et al.,™ Fitch et 
Di Luzio,* and Tuttle and Baxter.™ 

In the light of these data it is difficult 
to assess the significance of reports asserting 
the radiosensitivity of the RES on the basis 
of radiation-induced depression of the up- 
take of colloidal prodigiosin (Taplin et al.*) 
and chromic phosphate (Gabrieli and Cut- 
ler ™) and inhibition of digestion of phago- 
cytosed bacteria and erythrocytes (Gordon 
et al. and Donaldson et al.*). Similarly, 
our failure to induce “blockade” of the RES 
by repeated injections of trypan blue appears 
consistent with certain earlier observations 
but at variance with others (Gabrieli and 
Holmgren,’ Weikel and Lusky,” and Tuttle 
and Baxter **). The negative results of 
these chronic studies with trypan blue and 
of experiments in which colloidal thorium 
dioxide (Thorotrast), trypan blue, and vari- 
ous colloidal carbons were used (Di Luzio, 
1956, unpublished observations ) indicate the 
limitations of the concept of “RE block- 
ade.” Similarly, the visible excess of pro- 
tein-bound dye in the plasma is no indication 
that the “phagocytic limit” of the RES has 
been reached. 

Although the observed discrepancies in 
the response of the RES may be attributed 
to differences in the animal species, colloids, 
and techniques employed, interpretation of 
the existing data is complicated by the lack 
of reliable means for adequately evaluating 
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the function of the RES. As noted by Wish 
et al.,™ attempts to assess RE function 
should take into account not only the capac- 
ity of the RES, as measured by the maxi- 
mum amount of material removed from the 
blood stream, but also the phagocytic 
affinity, or rate of removal of injected ma- 
terial. Possibly more sensitive indices of 
the functional status of the RES are the 
anatomical distribution of phagocytized ma- 
terial within the RES (Gabrieli and Cut- 
ler and Weikel and Lusky **) and the 
ultimate disposition of the material by the 
phagocytes after it has been ingested (Gor 
don et al.” and Donaldson et al.*). Until 
the relative significance of these various 
parameters is better understood it would 
appear that the results of the present study 
merely provide further evidence of the large 
functional reserve of the RES and indicate 
its ability to hypertrophy in the irradiated 
animal, Our results do not indicate a high 
degree of radiosensitivity of the RES as 
regards the RE functions investigated, but 
the susceptibility of other functions of the 
RES remains to be determined. 

The observation that the capacity of histio- 
cytes to phagocytize colloidal Au’ was 
reduced by large amounts of previously 
ingested dye deserves further investigation. 
It is conceivable that trypan blue may have 
exerted a toxic action on the RE cells, since 
many dye-containing cells were observed 
in various stages of degeneration. Neoplasia 
of RE cells (Gillman et al.,"" Gillman and 
Gillman,'* and Simpson and dysfunction 
of the RES (Ludford,** Andervont,' and 
Cohen and Cohen’) have been ascribed to 
the action of trypan blue. The capacity of 
trypan blue-containing RE. cells to ingest 
other particulates, such as colloidal silver 
(Collargol) and erythrocytes, was reported 
by Seifert **; but he did not compare the 
relative capacities and affinities of the trypan 
blue-containing cells, and phagocytes con- 
tained no dye. 

The production of anemia by prolonged 
administration of trypan blue has been ex- 
tensively discussed by Gillman, with a 
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review of the earlier literature."* The patho- 
genesis of this anemia is uncertain, but it 
presents many of the features of a hemolytic 
process and simulates to some extent the 
condition termed hypersplenism that was 
induced in rats by repeated intraperitoneal 
injections of methylcellulose (Palmer et 
al.*). It is probable that in beth conditions 
the anemia has a common etiologic mech- 
anism in disturbed RE function, the precise 
nature of which warrants further study. 

The intracytoplasmic deposition of trypan 
blue-stained particulates in the tubular epi- 
thelium of the kidney, first noted more than 
40 years ago (Fvans"'), is attributable 
to the absorption of protein-bound trypan 
blue. Oliver et al.** have demonstrated by 
histochemical means morphologically similar 
protein aggregates in the epithelium of the 
proximal convoluted tubule of the normal 
kidney, which they have ascribed to the 
transtubular reabsorption of protein and its 
concentration in epithelial cells in the vicinity 
of the mitochondria. 


Summary 


Exposure of young adult male rats to 
400 r of whole-body x-radiation fails to 
inhibit the hyperplasia of reticuloendothelial 
cells induced by subsequent administration 
of trypan blue. 

The rate of removal of intravenously 
injected colloidal Au'® is not significantly 
depressed by 400 r whole-body x-irradiation 
or by prolonged daily administration of 
trypan blue or by both treatments combined. 

Uptake of colloidal Au’ is observed 
autoradiographically in Kupffer cells that 
have previously phagocytized trypan blue; 
but less gold is taken up by cells containing 
large quantities of trypan blue than by cells 
containing little or none. 

Rats given injections of trypan blue de- 
velop a severe anemia and leukopenia, with 
erythrophagocytosis in lymph nodes and 
spleen and erythroblastosis. 

Trypan blue-stained particulates are con- 
spicuous in the epithelium of the proximal 
convoluted tubules of the kidneys. 


Di Lusio et al. 
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Histochemical Studies of Some Proliferating and 
Keratotic Skin Lesions 


Glycogen 


HERBERT FANGER, M.D., and BARBARA BARKER, M.T. (A.S.C.P.), M.S., Providence, R. |. 


The amounts of demonstrable glycogen in 
the epidermis of normal skin are very scarce. 
Glycogen increases during repair secondary 
to experimental injury. Stoughton and 
Wells? have described the occurrence of 
polysaccharides in the dermis of degenera- 
tive and inflammatory skin lesions, but only 
sraun-Falco* has given a good account of 
the histochemically demonstrable glycogen in 
the epidermis of skin lesions. 

We are reporting our observations of 
glycogen in vulgaris, seborrheic 
keratosis, senile keratosis, squamous papil- 
loma, pigmented nevus, and basal-cell carci- 


verruca 


noma. Increased amounts of glycogen were 
demonstrated in the epidermis of all lesions, 
but is distribution was inconstant. Char- 
acteristically, the infiltrating tumor masses 
of basal-cell carcinoma contained consider- 
able glycogen, in contrast with the nevus 
cells of the pigmented nevus, which rarely 
contained some. 


Material and Methods 


All skin specimens were trimmed to a thickness 
of 3 mm. and immersed in neutral buffered 10% 
formalin chilled to 4 C within one-half hour 
after excision. They were fixed for 18 to 24 
hours, dehydrated, embedded, and sectioned at 5y. 
Glycogen was demonstrated with the periodic 
acid-Schiff method of McManus,‘ slightly modified 
by Montagna.” Control sections were digested 
with saliva for 15 minutes before staining. 
Glycogen appears as pinkish-red or purple granules 
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with this staining reaction. If the granules are 
removed by digestion with the amylase present in 
saliva the substance is identified as glycogen. 


Observations 

Normal skin shows only scanty traces of 
glycogen in the cytoplasm of the prickle cells 
in the middle lower parts of the 
Malpighian layer. Glycogen in the skin 
appendages and horn cysts is distributed as 
described by Montagna. It was 
the epidermal cells surrounding the openings 
of the pilosebaceous glands and in the lumen 
of the sweat-gland ducts. Glycogen was also 
present in epidermal cells surrounding skin 
crevices or horn which 
enclosed keratin. There was a nonspecific 
pink coloration of the connective tissue of 
the dermis in both normal and abnormal 
specimens. 
tion. 

Only two out of five cases of verruca 
vulgaris contained glycogen. This occurred 
in the middle and lower Malpighian layers, 
as a red granular precipitate in the cell cyto 
plasm, 

In pigmented nevi, glycogen, if present, 
was located in the middle and lower 
Malpighian layers of the epidermis, but the 
clumps of nevus cells in the dermis showed 
none (Fig. 1). 

Glycogen was found in the epidermis of 
seborrheic keratosis, senile keratosis, and 
squamous papilloma. It varied both in 
amount and in location, even in the same 
slide. 


and 


seen in 


cysts, contained 


It persisted after saliva diges 


In general it was seen in increased 
amounts in the prickle cells of the upper 
and middle layers (Fig. 2). In areas of 
acanthosis, the glycogen extended down into 
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Fig. 1.—Pigmented nevus. No glycogen granules are present in the nevus cells; & 225 


the rete pegs but only rarely was present in 
the basal layer (big. 3). 

In basal-cell carcinoma, glycogen occurred 
in the upper Malpighian layer and extended 
down into the rete pegs and into the down- 
growing masses of tumor in the corium 
(Fig. 4). The greatest concentration of 
glycogen was found in the center of the 


658 


tumor masses but was also seen in the 
peripheral layer of ce'ls. The amount of 
glycogen tended to vary in inverse ratio to 
the mitotic activity of the tumor (Fig. 5). 


Comment 


The significance of the glycogen in skin 
has been the source of considerable specula- 
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Fig. 2.—Seborrheic keratosis. Glycogen 


granules are seen in the middle and upper 


Malpighian layer. There is heavy glycogen concentration in the epithelial cells of a sebaceous 


gland at the lower right; > 250. 
tion. Bradfield * has suggested that the cells 
directly involved with the production of 
keratin are compelled to operate with an- 
aerobic glycolysis. The cells of the epider- 
mis are at a distance from blood vessels 
and are covered by keratin, which blocks off 
oxygen from the outside. Therefore the 


Fanger—Barker 


squamous cells accumulate glycogen, which 
is ultimately used as a source of energy 
in the synthesis of keratin. This could 
explain the occurrence of increased amounts 
of glycogen in the keratotic lesions. 
Braun-Falco states that although he finds 
glycogen present in the rete pegs he has 
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Fig. 3 


Seborrheic keratosis. Glycogen granules extend down into the acanthotic rete pegs 


but are absent in the basal layer of the epidermis; 300. 


rarely seen it in the epidermis at the top of 
the papillae. He claims that since this latter 
area is farthest removed from the blood 


supply it should be the site of glycogen if 
the tissue is proliferating with anaerobic 
glycolysis. We cannot confirm this obser- 
vation of Braun-Falco and we believe that 
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the distribution of glycogen in the epidermis 
does not negate Bradfield’s theory. 

The variation in the amounts of glycogen 
in the skin lesions deserves comment. The 
five verrucae vulgares studied were histo 
logically similar and contained thick crusts 
of keratin. However, only two showed 


Vol. 64, Dec., 1957 


HISTOCHEMISTRY OF SKIN LESIONS 


Fig. 4.—Basal-cell car- 
cinoma. Glycogen gran- 
ules in down-growing 
masses of tumor; reduced 
11% from mag. 225 


demonstrable glycogen. The variations in 


glycogen content may be due to variations 
in the activity of the tissue. The verrucae 
without glycogen might have exhausted 
their store during recent active keratin syn- 
thesis; those with glycogen could be in a 
resting phase. Variation, then, could reflect 
the phase of activity of the tissue at the 
time of sampling. 

Bullough ** states that glycogen is a 
source of energy for cell proliferation. 
Lobitz and Holyoke '® have shown that when 
skin is injured glycogen appears in the basal 
layer. This disappears when mitotic activity 
occurs. They infer that the glycogen may 
serve as an energy source for cell prolifera- 
tion. Scothorne ™ also implies this. 

Weinhouse et al.'* have claimed that the 
metabolism of neoplastic cells is associated 
with an anaerobic energy source. Anaerobic 
glycolysis may be an example. Thus the 
presence of glycogen in the rete pegs of 
in the tumor 
masses of basal-cell carcinomas may indicate 
its function as a source of energy for cell 
proliferation. The relative diminution of 
glycogen in the peripheral layer of the pro- 
liferating lesions suggests the exhaustion of 
the energy supply during the process of new 
cell production. 


lesions with acanthosis and 
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The observations of glycogen in the cells 
of basal-cell carcinomas does not agree with 
those of Braun-Faleo and of Lubarsch ™ 
Sasakawa.'* However, Jessner and 
Biberstein™ more recently have demon- 
strated glycogen in these cells. Basal-cell 
carcinomas are composed of cells which 
normally differentiate into squamous cells 
and use glycogen as a source of energy for 
keratin synthesis. The glycogen accumula- 
tion may be due to the failure of these cells 
to differentiate and produce keratin, 

The nevus cells contained no demonstrable 
glycogen. These are non-keratin-forming 
cells. The absence of glycogen may be con- 
tributory evidence that nevus cells are non- 
epithelial in origin and have a different 
metabolic cycle. 


and 


Summary 

Glycogen was frequently demonstrated 
in the epidermis of the keratotic and pro- 
liferating skin lesions studied. The glycogen 
was located predominantly in the middle 
Malpighian layer. It was also present in 
the acanthotic rete pegs and in the tumor 
The occur- 
rence of glycogen in these lesions supports 
the theory that glycogen serves as a source 
of energy for keratin synthesis and cell pro- 
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liferation. The absence of glycogen in nevus 
cells may substantiate the opinion of some 
observers that these cells are of nonepithe- 
lial origin. 

Prof. William Montagna, Arnold Biological 
Laboratory, Brown University, provided advice and 
guidance. Dr. Richard Sexton, Dr. Carl S. Sawyer, 
and Dr. Arthur Kern cooperated by supplying 
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Fig. 5.—Basal-cell carcinoma. A clump of tumor cells in the dermis with central glycogen 
concentration, Cell in mitosis shows no glycogen; & 750. 


the specimens. Mr. Arthur F. Jacques prepared 
the photomicrographs. 
Institute of Pathology, Rhode Island Hospital 
(2). 
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It is well recognized that rats develop 
renal damage when given injections of 
serum from rabbits immunized with kidney 


tissue of the rat. Various investigators '“ 
have emphasized thickening and disruption 
of the basement membrane of the glomerular 
capillaries as representing the significant 
renal lesion produced by such a procedure. 
Further, physiologic considerations based on 
the degree of proteinuria indicate an in- 
creased porosity of these altered basement 
membranes. Analogies have been made be 
tween this lesion and that observed in lipoid 
nephrosis or diffuse membranous nephritis 
in humans. Indeed, many of the biochemical 
and clinical findings are similar: notably, 
hypoproteinemia, hyperlipemia, massive pro- 
teinuria, ascites, and edema, On the other 
hand, some *® have been impressed with the 
morphologic similarity between nephrotoxic 
serum nephrosis in the rat and glomerulo- 
nephritis. This apparent inconsistency has 
been largely clarified by various workers *** 
who have demonstrated that these different 
glomerular responses are at least in part 
dependent upon the age of the rat and the 
dosage and potency of nephrotoxic serum 
employed, 

Although this experimental model has 
provided many significant data, many as- 
pects of the nephrotic syndrome have been 
incompletely elucidated. Since the demon- 
stration of glomerular lesions, relatively 
little pathologic investigation has been di- 
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Enzymes in Nephrotoxic Nephrosis in the Rat 
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rected to possible tubular alterations, al- 
though lipid accumulation in segments of 
this portion of the nephron are well recog- 
nized and prompted early investigators ** to 
designate this disease as lipid nephrosis. 

This report is concerned with the histo- 
chemical appearance of various renal tubular 
enzymes in the kidneys of rats with nephro- 
toxic serum nephrosis and their relationship 
to other alterations of the tubules. Such 
information may be significant for a better 
understanding of some of the mechanisms 
concerned with the biochemical and clinical 
phenomena encountered in this experimental 
state. 


Method and Materials 


Preparation of Nephrotoxic Antigen.—One hun- 
dred twenty adult Sprague-Dawley rats, weighing 
between 100 and 150 gm., were lightly narcotized 
with ether, and a midline abdominal incision was 
made from the xiphoid process to the symphysis. 
The kidneys were perfused with approximately 50 
ml. of sterile isotonic saline, were quickly removed, 
and were stripped of capsules and perinephric fat 
and weighed in a sterile bottle. An equal volume of 
sterile isotonic saline containing 500,000 units of 
aqueous penicillin, 1 gm. of streptomycin, and | 
gm. of chloramphenical (Chloromycetin) was 
added, and the tissue was homogenized in a Waring 
Blendor. Bacterial cultures were made from each 
group, and if negative the homogenate was diluted 
with sterile isotonic saline to make a 50% suspen- 
sion. This was frozen until used for the preparation 
of anti-rat-kidney rabbit serum. The addition of 
the antibiotics eliminated the necessity of strict 
sterile precautions in the preparation of the antigen. 

Preparation of Anti-Rat-Kidney Rabbit Serum. 

Dilutions of the rat kidney homogenate were 
prepared so that four adult New Zealand white 
rabbits, weighing 2.5 kg., received three intra- 
peritoneal injections of 10 ml. of a 10%, 15%, and 
20% suspension during the first week of immuniza- 
tion and a similar number of injections of a 20% 
suspension during the following two weeks for a 


- 
7 
Px 
= 


total of nine injections. One lot of nephrotoxic 
serum was pooled from two rabbits 10 days after 
the last injection of kidney homogenate and another 
from the remaining rabbits after a second course 
of immunization. 

Assay of Nephrotoxic Serum.—The injection of 
1 ml. from one lot of nephrotoxic serum into the 
tail veins of three female Sprague-Dawley rats 
weighing 135 to 150 gm. produced an immediate 
proteinuria exceeding 5 mg. per hour during the 
first 24 hours after injection. Sections of the 
kidneys revealed distinct alteration of the base- 
ment membranes of the glomerular tufts. This 
serum was considered highly potent (HPS). On 
the other hand, a similar dose from the other lot 
of nephrotoxic serum produced a urinary excretion 
of protein rarely exceeding 5 mg. per hour 48 to 
72 hours after and morphologically 
kidneys from these animals revealed principally 
proliferation of glomerular endothelial 
casionally epithelial cells. This serum 
sidered only mildly potent (MPS). 


injection, 


and oc- 
was con- 


Determination of Proteinuria.—Urine was col- 
lected during an 18- to 24-hour period in a clean 
flask fitted into a paraffin-coated funnel which 
was separated from the floor of individual cages 
by a grid of two layers of fine wire mesh. Protein 
content was determined by the method of Looney 
and Walsh.” During the periods of collection the 
animals were allowed water ad libitum, as well as 
Chow Checkers, since previous observations indi- 
cated that small quantities of food particles did 
not affect the result. 

Biochemical Determinations.—Blood was ob- 
tained by decapitation at the time of killing, and 
cholesterol and esters were determined by the 
method of Schonheimer and Sperry; total lipid, 
by the method of de la Huerga, Yesinick, and 
Popper“ ; NPN, by the Kjeldahl technique, and 
total serum protein, by the biuret method. 

Plan of Experiment—One hundred sixty-nine 
adult female Sprague-Dawley rats, weighing be- 
tween 135 and 150 gm., were divided into two 
groups. Group A was comprised of 84* animals 
that received 1 ml. of HPS intravenously. Eight 
rats were killed at 2, 4, 8, 12, 18, and 24 hours and 
at 3 days, and 14 rats, at 7 days after injection. 
Group B consisted of 85+ rats that received a 
similar dose of MPS, and 8 animals were killed 
at the time intervals noted above as well as at two 
and three weeks after injection. 

In addition each group contained 40 rats of 
similar strain, sex, and weight that received an 
intravenous injection of 1 ml. of inactivated serum 


* Fourteen rats, or 16.6% died during the experi- 
mental period. 

+ Five rats, or 5.8%, died during the experi- 
mental period. 
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from rabbits not immunized with rat kidney. Four 
of these controls were also killed at the time 
intervals noted. 

Histologic and Histochemical Methods.—Kidneys 
were (quickly removed at the time of death and 
longitudinally sliced. Portions were fixed accord- 
ing to the requirements of the following techniques, 
performed as described in Lillie’s “Histopathologic 
Technique and Practical Histochemistry,” “ unless 
otherwise Tissue from both experi- 
mental and control animals were stained simul- 
taneously. 

Oversight Methods : 

1. Hematoxylin, eosin, 
(Zenker acetic fluid). 

2. Periodic acid-Schiff method (Zenker acetic 
fluid). 

Lipid : 


indicated 


and methylene blue 


1, Oil red O for demonstration of neutral 
lipid (frozen sections; 10% formalin). 
2. Schultz modification of Liebermann 


Burchard technique for demonstration of cholesterol 

and/or esters (frozen section; 10% formalin). 
3. Windaus digitonin technique for cholesterol! 

(frozen sections; 10% formalin). 

4. Plasmal reaction of Hayes (frozen sections ; 

formalin). 

5. Acid hematein technique of Baker for 

phospholipid (calcium-formalin solution). (Sections 

of spinal cord utilized as positive control.) 


10% 


6. Fischler technique for demonstration of 
fatty acids (frozen sections; 10% formalin). 

Enzymes: 

1. Lipase (frozen sections of cold 10% 

formalin-fixed tissue. Tween 60 used as substrate 


according to the method of Gomori).” 

2. Glucose 6-phosphatase according to method 
of Chiquoine on 10g sections of fresh 
tissue sectioned in a cryostat.”* 


frozen 


3. Succinic dehydrogenase according to the 
method of Rosa and Velardo,” as well as Wach 
stein,” on sections prepared from fresh frozen 
tissue sectioned at 10g in a cryostat. 

4. Alkaline phosphatase according to the 
method of Gomori on tissue fixed in 65% alcohol 


5. Acid phosphatase according to the methods 
of Gomori,” as well as Grogg and Pearse,” on both 
frozen sections of cold formalin-fixed tissue and 
that fixed in cold acetone. 


6. G-nadi reaction for labile cytochrome oxi- 
dase on fresh frozen tissue sectioned at 10 in a 
cryostat. Duplicate sections incubated with sodium 
azide. 

7. Nonspecific esterase according to method of 
Gomori™ and Wachstein™ on tissue fixed in cold 
formalin. 

8. 5-nucleotidase according to 
McManus” and 


methods of 


Wachstein™ on fresh frozen 
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tissue sectioned at 10g in a cryostat and after 
fixation in 95% alcohol 
Other: 

1. Mitochondria according to the method of 
Bensley on tissue fixed in Millers fluid or after 
fixation in Zenker acetic fluid and stained by the 
phosphotungstic acid hematoxylin technique. 

2. Protein-bound sulfhydryl groups according 
to methods of Seligman and Barnett. 


Results 


Clinical and Chemical Observations. 
Rats receiving HPS (Group A) demon- 
strated marked proteinuria exceeding 8 mg. 
per hour during the first day after injection 
(Fig. 1). This degree of protein excretion 
persisted during the entire period of obser- 
vation of these animals (one week). Ap- 
proximately 15% of the rats receiving 
highly potent serum died during the first 
week. Ascites, varying between 35 and 50 
ml., developed 48 to 72 hours after injection, 
and pleural effusion was also encountered 
on occasion. Total cholesterol, cholesterol 
esters, and total lipid were markedly ele- 
vated, and the NPN, only moderately in all 
animals receiving HPS (Table). 

On the other hand, animals receiving 
MPS (Group B) failed to excrete signifi- 
cant quantities of protein until 48 to 72 
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Fig 1.—Degree of 
proteinuria following ad- 
ministration of nephro- 
toxic serum. 


hours after injection, and the quantity never 
was as great (less than 5 mg. per hour) as 
that noted in rats receiving HPS. Ascites 
or other effusions were not observed in these 
animals, although a slight increase in body 
weight above that in controls was noted. 
Cholesterol and total lipid and NPN were 
only slightly elevated. Approximately 5% 
of the animals died during the experimental 
period (up to three weeks). 

Morphologic Observations.—-The _ renal 
lesions of rats receiving HPS were charac- 
terized by thickened and occasionally 
disrupted basement membrane of glomerular 
tufts which was appreciated in sections 
stained with hematoxylin and eosin, as well 
as the periodic acid-Schiff technique (Fig. 2). 
Occasionally thrombi were noted within 
the glomerular tufts and only rarely leuko- 
cytic infiltration or proliferation of endo- 


Biochemical Alterations Observed at One Week 
After Injection of Nephrotoxic Serum 


Control HPS* MP8* 


Blood 
NPN, mg./100 ce. 43 65 » 


Serum 
Total protein, gm./100 cc. 59 43 49 
Cholesterol /esters, mg./100 cc. 120/80 610/305 205/150 
Total lipid, mg./100 ce. 175 1,350 335 


* Average of 14 rats. 
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Fig. 2. 


A, glomerulus of normal rat. Periodic acid Schiff; reduced 25% from mag. & 400 


B, glomerulus of rat one week after receiving highly potent nephrotoxic serum, revealing 


alteration of basement membrane. 


Periodic acid Schiff; reduced 25% 


x 400. 


from mag. 


C, glomerulus of rat one week after receiving mildly potent nephrotoxic serum, revealing 


endothelial proliferation. 


thelial or epithelial cells of this structure. 
Hyaline droplets were first observed within 
the cytoplasm of epithelial cells of the middle 
portion of the proximal convoluted tubules 
as early as 4 hours after injection and were 
most abundant at 18 to 24 hours, diminish- 
ing slightly at one week. Lumina of the 
distal tubules contained abundant casts and 
were associated with a mild to moderate de- 
gree of internal hydronephrosis. Tubular 
epithelium otherwise appeared undisturbed 
in sections stained by the oversight methods. 


Fig. 3.—Section from 
outer medullary zone of 
kidney from rat one week 
after receiving highly 
potent nephrotoxic serum, 
revealing depletion of 
cellular striations (mito- 
chondria), as compared to 
normal (B). Phospho- 
tungstic acid hematoxy- 
lin; reduced 18% from 
mag. 410. 
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Hematoxylin and eosin; reduced 25% from mag. X 410. 


However, special stains revealed neutral 
lipid and cholesterol esters in distal portions 
of the proximal convoluted tubules and 
glomeruli, first appearing at 18 hours and 
persisting throughout the period of observa- 
identified. 
No appreciable differences in fatty alde- 


tion. Free cholesterol was not 


hydes, phospholipid, or sulfhydryl were ap- 
the 


compared to controls. 


parent in experimental animals as 
Mitochondria ap- 


peared decreased in epithelial cells of as- 


Pe 
Yer: / q 
667 


Fig. 4.—Depletion of 
succinic dehydrogenase in 
kidney of rat one week 
after injection of highly 
potent nephrotoxic serum 
as compared to normal 
(B); reduced 18% from 
mag. * 20 


cending limbs of Henle and proximal 
convoluted tubules (big. 3). 

Kidneys of animals receiving MPS re- 
vealed in addition to a thickened basement 
membrane of glomerular tufts proliferation 
of endothelial and epithelial cells of this 
structure (Fig. 2), the latter only rarely 
appearing as crescents, Leukocytic infiltra- 
tion of glomerular tufts was not infrequent, 
and these structures appeared relatively 
ischemic. Tubular epithelium appeared nor- 
mal, and hyaline droplets, casts, and lipid 


deposition were far less conspicuous than 
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in animals receiving HPS. Mitochondria 
appeared unaltered. 

Tubular Enzymes.—No alteration from 
normal was observed in rats receiving either 
type of nephrotoxic serum in the distribu 
tion or intensity of alkaline and acid phos- 
phatase, lipase, esterase, 5-nucleotidase, or 
glucose 6-phosphatase. However, succinic 
dehydrogenase and cytochrome oxidase (G- 
nadi oxidase) activity appeared to be de- 
creased in intensity in the outer and inner 
cortical areas, as well as outer medullary 
zone in the kidneys of only those rats re- 


Fig. 5.—Depletion of 
cytochrome oxidase (G- 
nadi oxidase) in kidney 
of rat one week after 
injection of highly potent 
nephrotoxic serum as 
compared to normal (B) ; 
reduced 18% from mag 


20. 


Vol. 64, Dee., 1957 


ceiving HPS (Figs. 4 and 5). This change 
was most evident one week following injec- 
tion but was also recognized as early as 18 
hours. Althvugh absolute identification of 
the portions of the tubular system affected 
could not be made because of the nature of 
the reactive product, topographic analysis 
suggested that ascending limbs of Henle and 
proximal convoluted tubules reflected this 
diminution in succinic dehydrogenase and 
cytochrome oxidase activity. Involvement of 
distal convoluted tubules could not be 
established with certainty. 


Comment 

The utilization of histochemical tech- 
niques for the demonstration of enzymatic 
activity in the renal tubules as employed in 
this study admittedly has certain limitations. 
It is not unlikely that an “all or none” 
phenomenon is essential before differences 
in the activity of some of the enzymes 
investigated may be appreciated, thus pro- 
hibiting the detection of more subtle altera- 
tions. Nevertheless, the lack of change in 
alkaline and acid phosphatase, 5-nucleotidase, 
nonspecific esterase, and lipase is consistent 
with the results of those renal function 
studies in nephrosis, which may bear some 
relationship to the activity of these en- 
zymes.’ The normal appearance of lipase 
and nonspecific esterase in the kidneys of 
rats receiving nephrotoxic serum of varying 
potency may be correlated with recent ob- 
servations *!.#? relating renal lipemia to dis- 
turbances of renal excretory rather than 
metabolic function and does not support 
previous contentions '*** implicating renal 
fat-splitting enzymes in the pathogenesis of 
the hyperlipemia encountered in nephrosis. 

The depletion of succinic dehydrogenase 
and cytochrome oxidase (G-nadi oxidase ) 
observed in the renal tubules of rats receiv- 
ing highly potent nephrotoxic serum indi- 
cates that some tubular damage occurs 
during the course of nephrotoxic nephrosis 
in rats. Loss of the former has been ob- 
served in other experimental states before 
overt morphologic evidence of cellular dam- 


Fisher—Gruhn 


RENAL ENZYMES IN NEPHROTOXIC NEPHROSIS 


age has become apparent.** In addition, it 
has been noted that changes in this enzyme 
may antedate depletion of other demon- 
strable enzymes in damaged cells.’* The 
loss of this enzymatic activity precludes the 
supposition that the cellular damage in the 
loops of Henle is the result of the internal 
hydronephrosis observed in nephrotic ani- 
mals, since ureteral ligation is characterized 
by persistence of succinic dehydrogenase at 
this site rather than depletion.*® The lack 
of correlation between the sites of tubular 
damage and the deposition of intracellular 
tubular lipid excludes the latter phenomenon 
from serious consideration as a cause of the 
depletion in succinic dehydrogenase. Al- 
though tubular portions of the rat kidney 
may be antigenic and capable of producing 
anti-rat-kidney antibodies in the rabbit,* 
it appears unlikely that this cellular damage 
is the result of antigen-antibody reaction as 
in the glomerular basement membrane. The 
demonstration of such a mechanism has been 
accomplished by in vitro methods,?" utilizing 
fluorescein-labeled antibody techniques, but 
not in vivo*** with similarly designed 
studies. The possibility that another “toxic” 
factor may be present in nephrotoxic serum 
which may account for the cellular damage 
cannot be excluded, 

On the other hand, the possibility that the 
depletion of succinic dehydrogenase and cy 
tochrome oxidase activity may be a reflec 
tion of an altered metabolic process in the 
nephrotic state warrants comment. It is 
possible that this alteration is directly re- 
lated to the degree of proteinuria encoun 
tered, since animals (Group B) receiving 
mildly potent nephrotoxic serum manifesting 
only mild to moderate proteinuria failed to 
reveal a decrease in this enzymatic activity 
even after three weeks. On the other hand, 
more severely proteinuric rats (Group A) 
revealed significant hyaline droplet forma- 
tion, which is consistent with previous ob- 
servations correlating this change with the 
degree of proteinuria.” The presence of 
ascites in this study also appears more 
directly related to the degree of proteinuria 
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induced only by the highly potent nephro- 
toxic serum rather than to other factors 
concerned with its pathogenesis. The altera- 
tion in succinic dehydrogenase and cyto- 
chrome oxidase (G-nadi oxidase) activity 
coincided chronologically with the presence 
of the cytoplasmic droplets. It is of interest 
that Kretchmer and Dickerman,** utilizing 
manometric techniques, observed a decrease 
in succinic oxidase and cytochrome oxidase 
activity in the droplet and mitochondriai 
portions of tubular epithelial cells in rats 
These 
data have been interpreted as providing evi- 
dence that such droplets are in part derived 
from mitochondria, the intracellular locus of 


given injections of egg albumen. 


succinic dehydrogenase activity. Such in- 
formation suggests that the loss of succinic 
dehydrogenase activity may be directly re- 
lated to mitochondrial alteration induced by 
excessive glomerular filtration and tubular 
reabsorption of protein in nephrotoxic 
Although the loss of succinic 
dehydrogenase is similar in distribution to 
that noted following the administration of 
mercurial diuretics,”* it is difficult to relate 
this change to water and electrolyte metabo- 
lism, since urinary volumes in nephrotic rats 
were not dissimilar from those of controls. 
It is provocative to speculate that perhaps 
succinic dehydrogenase plays an active role 
in the tubular reabsorption of protein and 
may be depleted during the accentuated 
phase of this phenomenon. That tubular 
reabsorption of protein is increased during 
this experimental state has been recently 
demonstrated by Goodman and Baxter.** 


nephrosis. 


Mitochondrial changes were conspicuous in 
the regions demonstrating maximum loss of 
succinic dehydrogenase activity, notably the 
ascending limbs of Henle and proximal con- 
voluted tubules, although droplet formation 
was not observed in the cells of the former 
or other portions of the distal nephron. Al- 
though the ascending limhs, of Henle have 
not been classically considettd as a site for 
protein reabsorption,” it is germane to note 
that Mayersbach and Pearse observed 
absorbed egg albumen in cells of the loops 
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of Henle and distal tubules with fluorescent 
marker and fluorescein-labeled antibody 
techniques, prompting them to consider such 
structures as possibly playing a role in pro- 
tein reabsorption. If this interpretation is 
correct, classical concepts concerning the 
tubular sites for absorption of protein must 
be reevaluated. It becomes apparent from 
the above that conclusive interpretation of 
the relationship of succinic dehydrogenase 
and cytochrome oxidase (G-nadi oxidase) to 
protein reabsorption cannot be derived from 
information obtained in these experiments. 
However, it is felt that this relationship is 
worthy of further investigation, not only 
in animals with chronic states of this renal 
disease but also other proteinuric states, in 
an attempt to elucidate the mechanisms of 
protein reabsorption in the renal tubules. 
Studies in this regard are in progress. 

The demonstration of cholesterol esters, 
as well as neutral lipid, in tubular cells and 
their sequential relationship to the degree of 
hyperlipemia encountered in those rats re- 
ceiving highly potent nephrotoxic serum sub- 
stantiates the concept that such substances 
are derived principally from the blood and 
glomerular filtrate. To our knowledge these 
are the first recorded observations concern- 
ing the deposition of the former type of 
lipid in tubular cells in this experimental 
state, 

The dissimilar clinical, biochemical, and 
morphologic findings in rats with renal 
lesions produced by nephrotoxic serum of 
different potency reemphasizes the signif- 
icance of this factor in the type of renal 
disease produced by this agent. The loss of 
succinic dehydrogenase and cytochrome oxi- 
dase activity only in those rats with 
predominantly nephrotic manifestations re- 
presents another difference between the two 
types of disease observed. 


Summary 
Injection of a similar dose of anti-rat- 
kidney rabbit serum of varying potency into 
rats of similar sex, weight and strain pro- 
duced dissimilar biochemical, clinical and 
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morphologic alterations. Serum considered 
highly potent produced immediate, severe, 
and persistent proteinuria, ascites, hyper- 
lipemia, alteration of glomerular basement 
membranes, and hyaline droplet formation. 
Mildly potent nephrotoxic serum produced 
delayed, proteinuria unaccom- 
panied by ascites or significant hyperlipemia. 
The renal lesions in the latter instance were 
characterized by principally glomerular en- 
dothelial and epithelial proliferation, and 
hyaline droplet formation was inconspicuous. 


moderate 


Histochemically, demonstrable succinic de- 
hydrogenase and cytochrome oxidase (G- 
nadi oxidase) were depleted in proximal 
convoluted tubules, as well as ascending 
limbs of Henle, only in those animals re- 
ceiving highly potent nephrotoxic serum. 
The technique employed did not allow for 
the evaluation of similar involvement in the 
distal convoluted tubules. Lipase, nonspe- 


cific esterase, alkaline and acid phosphatase, 
glucose 6-phosphatase, and 5-nucleotidase 
were unaltered, regardless of the potency of 


nephrotoxic serum employed. 

The significance of the depletion of suc- 
cinic dehydrogenase and cytochrome oxidase 
(G-nadi oxidase) activity is discussed with 
particular reference to its possible relation- 
ship to the tubular reabsorption of protein. 


Veterans’ Administration Hospital, University 
Drive (40). 
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The Effect of B Vitamins on the Incidence of 


Necrotizing Arteritis in the Dog 


JACK C. GEER, M.D.; HENRY C. McGILL Jr., M.D., and RUSSELL L. HOLMAN, M.D., New Orleans 


Introduction 


In the course of investigation into the 
dietary factor involved in the production 
of a type of necrotizing arteritis that we 
have termed “mucoarteritis,” for reasons 
outlined in another report," it was found 
that the addition of a mixture of B vitamins 
to the diet resulted in a considerable reduc- 
tion in the incidence of the lesions. Since 
there exists substantial information concern- 
ing the metabolic functions of the B vita- 
mins, it was reasoned that an assay of the 
individual B vitamins might be helpful in 
elucidating the biochemical processes in- 
volved in the production of these lesions. 
The purpose of this report is to describe 
the results obtained with these vitamins and 
to present a possible interpretation. 


Materials and Methods 


The selection and care of animals and the com- 
position of the high-fat diet were identical to that 
described in the other paper." In the assays re- 
ported here uranium nephrosis was employed to 
produce renal insufficiency in all but one animal, 
which was subjected to bilateral nephrectomy. Most 
dogs were killed when moribund or when the blood 
urea nitrogen reached 400 mg. per 100 ml. by an 
overdose of pentobarbital. Some were found dead, 
and these were necropsied immediately. At necropsy 
sections were taken from all organs, fixed in 10% 
formalin, and stained routinely with hematoxylin 
und eosin. Special stains were used in selected 
cases. 

The high-fat diet was fed for a minimum period 
of eight weeks prior to the induction of renal 
insufficiency. Longer periods of feeding have not 
been found to affect appreciably the severity or 
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incidence of the arterial lesions, while shorter 
periods yield a marked decrease in incidence.” The 
vitamin substance being assayed was added to the 
diet daily for the last two weeks of preparatory 
feeding and during the period of renal insuffi- 
ciency. The dogs usually stopped eating between 
the second and fifth days after the induction of 
renal insufficiency, and the cessation of eating 
terminated the administration of the vitamin 
Parenterally administered vitamins were never 
used, 

Previous studies have utilized a system of gross 
grading of lesions based on the size of the lesions." 
This system was not found to be of any special 
value in this study; hence, the dogs reported here 
are considered to be either positive or negative. 
Experimental animals having necrotizing arteriolitis 
(myoarteritis) without gross or histologic evidence 
of the distinctive lesion that we have called muco- 
arteritis were graded as negative 


Results 


The results of the addition to the diet 
of the mixture (Table 1) of B vitamins are 
tabulated in Table 2. This Table shows that 
in a series of 10 animals given the vitamin 
mixture lesions were found in only one, 
while in a control series of 31 dogs not given 
supplementary vitamins there were 24 with 
lesions. The results of the assay of the 
individual vitamins are tabulated in Table 3. 
It is to be noted that no single vitamin 
present in the original mixture exerted a 


Taste 1—Vitamin Mixture * 


Vitamin 


Caletum pantothenate 
Inositol 

Thiamine 

Riboflavin 

Biotin 

Nicotinic acid 

Choline 


Pyridoxine 


* Supplied by Dr. Oleson of Lederle Laboratories Division, 
American Cyanamid Company. 
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Taste 2.—Effect on Incidence of Mucoarteritis of 
Adding Vitamin Mixture to High-Fat Diet 
During Last Two Weeks of Preparatory 
Feeding and Period of Renal 
Insufficiency * 


No. No. with Inet- 
Mucoar- 


Group Dogs } 
teritis 
Control (diet plus renal 
insufficiency ) 41 24 7 
Experimental (diet with vitamin 
mixture plus renal insufficiency ) 0 1 7) 


* Bee Table | for vitamin mixture. 


protective influence to the exclusion of the 
others. There is rather a shading of effect, 
with some vitamins being fairly definitely 
effective, some of questionable effect, and 
some with no effect. In the first group there 
is calcium pantothenate, inositol, and thia- 
mine. Those with questionable effect are 
riboflavin and biotin, and those with no 
effect are nicotinic acid (niacin), choline, 
and pyridoxine. 

Table 3 also includes the assay of cyano- 
cobalamin (vitamin By). No dog receiving 
this vitamin was observed to have the lesions 
of mucoarteritis. The reason for assaying 
this substance, which was not a constituent 
of this original B-vitamin mixture, will be 
presented in the comment. 


Comment 


It is necessary to consider briefly the 
known metabolic functions of those vitamins 
found effective to see if there is any process 
or processes common to them which might 
give a clue to the metabolic disorder involved 
in the production of the lesion being studied. 
Three of the vitamins present in original 
mixture when assayed individually were 


Taste 3.—Effect of Adding Individual Vitamins 
Separately to Diet During the Last Two Weeks 
of Preparatory Feeding and During 
Period of Renal Insufficiency 


Daily No. No. with % Inei- 
Vitamin Dosage, Dogs Mucoar- 

Mg. teritis 
Calcium pantothenate 5.0 5 i 
Inositol 100.0 4 1 Ps) 
Thiamine 10.0 ‘4 1 25 
Riboflavin 10.0 4 2 
Biotin 10 ‘4 2 1) 
Nicotinic acid 50.0 3 3 100 
Choline 50.0 4 ‘4 100 
Pyridorine D0 3 4 100 
6 0 0 


| 
| 
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found to exhibit a rather definite protective 
effect. In the case of pantothenic acid the 
probability of finding four negative dogs 
out of five by chance alone is 0.015. The 
probability of having three out of four dogs 
negative by chance alone, as was the case 
with inositol and thiamine, is 0.047. 

Pantothenic acid is a constituent of co- 
enzyme A, which is involved in acetate 
transport.’* The two-carbon (acetate) end- 
products of carbohydrate, fat, and protein 
catabolism combine with coenzyme A_ to 
produce acetyl coenzyme A, or the so-called 
“active acetate.” The number of reactions 
this “active acetate” may participate in is 
legion.'*? Thiamine is a constituent of decar 
boxylases involved in the oxidative decar- 
boxylation of pyruvic and other a-keto 
acids. The Figure shows the two-carbon 
product of the oxidative decarboxylation of 
pyruvic acid combining with coenzyme A 
to form acetyl coenzyme A. 

The function of inositol in nutrition is 
not known. It is generally regarded as 
having a lipotropic action; however, in 
diets containing fat this effect is slight and 
variable.2* Early work on this substance 
indicated that it may potentiate the action 
of pantothenic acid!’ and may not be re- 
quired in diets containing adequate panto- 
thenic acid.* 

The two vitamin substances with question- 
able effect are riboflavin and biotin. The 
probability of this finding being due to 
chance alone is rather high, having a value 
of 0.21. Biotin is a constituent of oxalacetic 
carboxylase, an enzyme which catalyzes the 
reversible carboxylation of pyruvic acid to 
oxalacetic acid (four-carbon compound 
referred to in Figure).*"* Riboflavin is 
a constituent of the flavoproteins which 
serve as hydrogen carriers."* There are 
many oxidative reactions which require the 
flavoproteins for hydrogen removal, and 
there is evidence that the fatty acyl coenzyme 
A dehydrogenases are flavoproteins.'® 

Of the five vitamins considered thus far 
two are involved in pyruvate metabolism, 
two participate in a wide variety of meta- 
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COENZYME A OXIDIZED 
cHo (Pantothenic oecid) 
Pyruvate 
Nem, COENZYME A REDUCED 
+ 
4 carbon compd. Acetate | 
4 corbon compd. 


Fatty acids 


ACETYL 


bolic reactions, and the function of one is 
uncertain. It is possible that a disturbance 
in pyruvic utilization may be one of the 
biochemical processes involved in the pro- 
duction of structural changes in the arteries 
of these experimental dogs. This disturb- 
ance of pyruvate utilization could manifest 
itself in at least three different ways, namely, 
a need for metabolism of the precursors of 
pyruvic acid, a need for the metabolism of 
pyruvic acid itself, or a need for the prod- 
ucts of pyruvic acid catabolism. 

An increased utilization of the precursors 
of pyruvic acid implies acceleration of car- 
bohydrate catabolism, which is known to 
increase the rate of lipogenesis.’"*"* This 
could be of importance in an animal receiv- 
ing a high-fat diet, but any implications are 
purely conjectural. 

It is not probable that pyruvic acid itself 
is toxic. The products of pyruvate metab- 
olism are oxalacetic acid and acetate. The 
Figure shows the oxalacetic acid entering the 
Kreb’s oxidative cycle. It is unlikely that 
this high-energy-producing cycle has an 
effect on the arterial lesions reported here 
because injections of sodium malonate, a 
competitive inhibitor of one of the constit- 
uents of the cycle, had no influence on the 
incidence of the lesions in uranium-poisoned 
dogs prefed the high-fat diet or the regular 
kennel diet. The other product of pyruvate 
metabolism, acetate, combines with coen- 
zyme A, providing an increased number of 
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ACETYL COENZYME A ——> 
+ 


HE XOSAMINE 


GROUND SUBSTANCE 
Prevention of arteritis by vitamins. 


Citrate 


building blocks from which carbohydrates, 
fats, protein, sterols, and a variety of other 
substances may be synthesized. Acetyl co- 
enzyme A is also involved in a number 
of detoxification reactions, but the impor- 
tance of this in connection with these dog 
arterial lesions is uncertain. 

The review of the metabolic functions of 
the effective vitamins considered thus far 
does not satisfy the early expectation of 
gaining an insight into specific biochemical 
reactions involved in the production of 
mucoarteritis. A more specific possible ex- 
planation has been offered in a paper by 
Novelli.'"* Novelli, citing the work of Chou 
and Soodak,* stated that the decrease in the 
acetylation of hexosamines (glucosamine 
and galactosamine) that occurs in panto- 
thenate deficiency might explain the connec- 
tive-tissue lesions seen in pantothenate 
deficiency. Such an interpretation suggested 
a possible relationship to previous work done 
in this laboratory, in which it was shown 
histochemically that the earliest detectable 
change in the lesions of mucoarteritis is an 
alteration in the connective tissue.” Thus 
sufficient available acetyl coenzyme A could 
be the limiting factor. 

It is not likely that a dog being fed raw 
liver in his diet has an inadequate intake of 
pantothenic acid, but an adequate intake of 
pantothenic acid does not necessarily mean 
that sufficient pantothenate-containing coen- 
zyme A will be available. Coenzyme A has 
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for its functional group a sulfhydryl radical 
which must be in the reduced state if the 
coenzyme A is to be biologically active '*; 
therefore, it is possible to have a sufficient 
quantity of pantothenic acid and still be 
deficient in the pantothenate-containing co- 
enzyme A. It is this concept that aroused 
our interest in cyanocobalamin. 

It has been shown that in cyanocobalamin 
deficiency there is a marked reduction in 
the levels of blood and liver sulfhydryl 
groups.'® lvidence has also been gathered 
indicating that cyanocobalamin can spare 
pantothenic acid requirements.’* On_ the 
basis of this and other work it has been 
suggested that cyanocobalamin is concerned 
in the conversion of the oxidized sulfhydryl 
group of coenzyme A to the useful reduced 

Six dogs fed the specified high-fat diet 
were given orally 30g. of cyanocobalamin 
daily during the last two weeks of prepara- 
tory feeding and during the period of renal 
insufficiency. None of these animals was 
found to have mucoarteritis. The probabil- 
ity of finding six negative dogs by chance 
alone is 0.001, This result suggests that 
there exists in the experimental dogs a 
deficiency of biologically active coenzyme 
\ which is necessary for the normal main- 
tenance of connective tissue. The Figure 
summarizes the functions of all the effective 
vitamins and indicates how these may play 
a role in the connective-tissue lesions seen 
in these experimental dogs. 

Whether or not the availability of acetyl 
coenzyme A is the answer to the biochemical 
pathogenesis of the necrotizing arterial le- 
sion being studied cannot be stated with 
certainty, but the fact that vitamins can 
influence the incidence of these lesions is 
definite. This finding is taken to indicate 
that metabolic factors play a decisive role 
in the development of the lesions of muco- 
arteritis. 

It is unlikely that these vitamins are 
merely supplementing a deficiency of intake 
in an animal whose diet consists in part of 
raw liver, and as long as the kidney function 
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is normal the experimental diet is not felt 
to produce a vitamin imbalance. The diet 
as used with butter as the source of fat is 
not felt by us to be deficient in either vita- 
mins or protein. Dogs have been maintained 
with this diet for periods up to two years 
without showing any gross or histologic 
evidence of any known deficiency diseases. 
Pregnancy and lactation have been observed 
to proceed normally in dogs given the diet. 
The average adult dog during the eight 
weeks of preparatory feeding will increase 
his body weight by 10% over predietary 
values. No experimental arterial lesions 
have ever been observed in dogs on this 
diet unless the kidneys have been damaged. 

There are certain alterations in the 
butter-containing diet which can significantly 
decrease the incidence of lesions of the 
mucoarteritis type. Among these are hydro- 
genation or saponification of the butter, or 
addition to the diet of vitamin E. These 
results have indicated that the toxic com- 
ponent in the diet may reside in the fatty 
acid fraction and is probably unsaturated. 
Attempts to purify and identify this toxic 
component by low-temperature fractionation 
and molecular distillation have been unsuc- 
cessful. There are other fats that have been 
found to possess the ability to prime a dog 
for mucoarteritis, namely, cod liver oil, 
shark oil, sardine oil, menhaden oil, and soy 
bean oil, while oleomargarine, cottonseed 
oil, coconut oil, olive oil, corn oil, mutton 
tallow, and lard have been found ineffectual. 

Whatever the dietary factor or toxic 
component may be, it is apparently necessary 
that the tissue be saturated with it. This 
requirement is suggested strongly by the 
prolonged period of dietary feeding which 
is necessary to prime a dog for lesions. 
Omission of the butter from the diet for a 
period of one week before the induction 
of renal insufficiency will significantly re- 
duce the incidence of lesions. The necessity 
for prolonged and continuous feeding of 
a specific diet that produces no lesions as 
long as the kidneys are intact suggests that 
some strain is placed on metabolism that 
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does not become manifest as arterial lesions 
until the kidneys are damaged. 

The renal factor has been equally as 
elusive as the dietary one, but the question 
resolves to whether it is failure of an 
excretory, an enzymatic, or a hormonal 
function of the kidney that is necessary for 
the preservation of the arterial wall. It is 
attractive to postulate that the kidney is 
involved in the reduction of sulfhydryl radi- 
cals or the excretion of an oxidizing agent. 


Summary 


Previous studies have shown that the 


sequence of feeding a certain high-fat diet 
for eight weeks or longer followed by the 


induction of renal insufficiency results in 
acute necrotizing arteritis (mucoarteritis) in 
over 75% of the dogs so treated. 

The addition of a mixture of B vitamins 
to the diet prevented the arterial lesions in 
9 of 10 dogs. 

Bioassay of the individual members of 
the B-vitamin mixture revealed that nicc- 
tinic acid (niacin), choline, and pyridoxine 
had no effect, while thiamine, calcium panto- 
thenate, riboflavin, inositol, and biotin re- 
tarded or prevented the lesions. Due to the 
probable role of cyanocobalamin (vitamin 
Bie) in the maintenance of the active state 
of the pantothenate-containing coenzyme A, 
it was bioassayed and found to exhibit the 
greatest degree of protection. 

A consideration of these findings has led 
to the hypothesis that acetyl coenzyme A 
is the key to the production of the lesions 
by virtue of its role in the acetylation of 
the hexosamines (glucosamine and galactos- 
amine) for maintenance of the connective- 
tissue ground substance. It is believed that 
the dietary and renal factors essential to 
the production of these necrotizing arterial 
lesions may be concerned with coenzyme A, 
the acetate carrier, and its maintenance in 
the active reduced state. 
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MARY ELLEN HARTMAN, M.D., Philadelphia 


It has been known for a long time that 
vascular reactions play a prominent role 
in certain allergic states. Direct observation 
of such reactions has beer carried out in 
the rabbit ear chamber by Abell and 
Schenck! and in the guinea pig liver by 
Burrage and Irwin.* These authors ob- 
served vascular spasm occurring on challenge 
of a sensitive animal by the intravenous 
injection of the appropriate antigen. The 
present study was directed at elucidating 
the vascular reactions which might occur 
in the small vessels of the rat kidney when 
the animal was subjected to the intravenous 
injection of rabbit antisera against rat 
kidney cortex or medulla. Such hetero- 
nephrotoxic sera, particularly the anticortex 
serum, produce a disease characterized by 
hyperlipemia and albuminuria and redupli- 
cating almost exactly the disease of child- 
hood known as lipoid nephrosis.* If a renal 
vascular spasm were to occur in the induc- 
tion of such a disease it might well play a 
role in the ensuing events. One is particu- 
larly reminded of the vascular spasm which 
occurs in the progress of the Arthus phe- 
nomenon and the deleterious effects on the 
local tissues incident to it. A similar series 
of events occurring in the kidney might 
easily influence the subsequent renal dis- 
ease. Alteration of such a response might 
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The Role of Vascular Spasm in the Etiology of 
Nephrotoxic Nephritis in Rats 


also ameliorate or alleviate the disease if 
the spasm itself were any more than a 
phenomenon incident to the allergic reaction. 


Materials and Methods 


The vascular changes produced by the nephro- 
toxic allergic reaction were studied by a previously 
published method.* Briefly, this technique involves 
the injection of the dye Vasoflavine (purified frac- 
tion of thioflavine-S) into the inferior vena cava 
and the removal of the kidneys & to 10 seconds 
after the beginning of the injection. This dye is 
unique in its ability to affix rapidly to the endo- 
thelium of any vessel through which it passes 
and thus label that vessel. The distribution of the 
dye is not altered by the loss of blood incident to 
the removal of the kidney. The removed kidneys 
are cut freehand into slices 1 to 2 mm. thick, and 
a count is made of the number of glomeruli per 
square millimeter in the juxtacapsular area with 
use of an ocular reticle. Incident ultraviolet light 
is used to excite the fluorescence of the dye. Thus, 
by means of a glomerular count an accurate 
expression of the number of glomeruli patent to 
the flow of plasma within a short and relatively 
constant time interval can be obtained 

The nephrotoxic serum was prepared by giving 
an intraperitoneal injection of 5 ml. of a 20% rat- 
kidney cortex or medulla suspension to a young 
adult rabbit three times a week for five to seven 
weeks 
was a 


The separation into cortex and medulla 
and cross contamination un- 
doubtedly occurred from one to the other. Ten 
after the last injection the animal was 
exsanguinated. The rabbit serum was incubated 
with whole rat blood in a ratio of approximately 
35 to 1 at 37 C for 30 minutes in order to remove 
the anti-rat red blood cell and anti-rat blood pro- 
tein antibodies. It was then heated to 56 C for 30 
minutes, cultured, and stored until used 


gross one, 


days 


Two hundred twenty-five Sherman strain rats 
varying in weight from 50 to 120 gm. were given 
injections of serum. At time intervals varying 
from immediately to nine and one-half weeks these 
animals were killed and as many as possible of the 
following studies carried out: (1) glomerular 
count, (2) urine albumin tests and microscopic 
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examination of urine approximately once a week, 
(3) serum lipid,’ (4) tissues prepared and stained 
with hematoxylin and eosin for general observa- 
tions of tissue changes and stained with periodic 
acid-Schiff stain for the detection of thickening 
of the glomerular basement membrane, (5) tissues 
prepared and stained for the cytochemical localiza- 
tion of succinic dehydrogenase * and alkaline phos- 
phatase.” In the method all performed 
calcium salts were removed with citrate and con- 
trol slides omitting the B-glycerophosphate were 
uniformly negative. The 225 animals were divided 
into 5 groups which were given injections as fol- 
lows: (1) 63 animals with control serum, (2) 64 
animals with anticortex serum, (3) 39 animals with 
antimedulla serum, (4) 29 animals medicated with 
hydralazine (Apresoline) immediately prior to the 


latter 


time of their injection with anticortex serum, (5) 
WO animals medicated with tripelennamine (Pyriben 
zamine ) the time of their 
injection with anticortex serum. The hydralazine- 
treated animals 
3.0 to 6.0 me 
hour prior to the injection of the antiserum 
tripelennamine-treated 


immediately prior to 


received amounts varying from 
per animal in a single injection one 
The 
amounts 
varying from 3.75 to 5.0 mg. per animai in three 
equally divided injections in the two-hour period 


animals received 


prior to and the one-hour period following the 
injection of the antiserum. The hydralazine was 
to increase the glo- 


merular count* and renal blood flow.® Tripelenna- 


used because of its ability 
mine was used in an effort to assess the usefulness 
of an antihistaminic in this tissue reaction and be- 
cause it too was known to increase the glomerular 
count.” Animals in all five of the groups weighed 
between 50 and 120 gm. at the time of serum injec- 
tion and were given approximately 0.1 ml. of serum 
per 10 gm. of body weight. All females were used 
because of the report’ that in prepubescent animals 
the female is more susceptible to the disease than 
the male. The t-test for small samples was used 
throughout these studies when reference is made 


to statistical significance. 


Results 


The second, third and fourth columns of 
Table 1 


data in show the glomerular 


1. 
Time After 
Serum Injection Normal Animal Control 
of Same Serum 
Weight Range 
Immediate to 
23 br. 32.19 
1-5 days 4.31 30.65 
6-10 days 26.64 
11-21 days 2.15 
ore than 21 days 70 
Total No. animals 43 
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serum, 


counts on animals given control 
anticortex serum, and antimedulla serum at 
varying times prior to killing. As can be 
seen from the first column of data in Table 
1, normal untreated animals in the same 
weight ranges have counts which average 
between 26 and 27 glomeruli per square 
millimeters. There are two important obser- 
vations to be gleaned from these data. The 
first is the initial fall in count engendered 
by the injection of the anticortex serum but 
not caused by the antimedulla serum. The 
values obtained immediately after the in- 
jection of the anticortex serum varied 
widely from above normal to zero. When 
the counts were at or approaching zero the 
peripheral vascular beds in the oral, aural, 
and nasal and in the liver were 
examined for the presence of the dye as 
a check against imperfect technique. In all 
cases these areas showed fluorescence when 
exposed to the ultraviolet light, thus dis 
counting the possibility of technical errors 
Secondly, it is to be noted that there is a 


mucosa 


residual alteration of glomerular count in 
the animals given injections of anticortex 
serum, with a resultant statistically signifi 
cant decrease in the counts obtained from 
these animals in comparison with untreated 
controls, 

The last two columns of Table 1 show the 
effect of pretreatment by hydralazine or 
tripelennamine on the changes in glomerular 
count resulting from the injection of the 
of 
abolish the initial spasm and prevent the 
fall 
untreated animals given injections of anti- 


anticortex serum. these drugs 


in count which characterizes the 


late 


cortex serum. 


Tabulation of the Changing Glomerular Counts at Different Time Intervals 
After the Injection of the Sera 


Counts per Square Millimeter 


Anticortex Antimedulla Hydralazine Tripelennamine 
Serum Serum + Anticorter + Anticortex 
Serum Serum 
14.87 36.06 33 
30.55 33.98 31 35.22 
42 J 
2.21 
17.76 
ae 
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Taste 2 


Experimental Group 


Control serum 

Anticortex serum 

Antimedulla serum 

Hydralazine + anticortex serum 
Tripelennamine + anticortex serum 
Normal of same weight 


Table 2 correlates the functional vascular 
f these with the biochemical 
effects and shows that by previously estab- 


lished standards * 


effects o sera 
these animals were the 
recipients of the disease. The maximal albu- 
min obtained on any one animal was used 
as the albumin value for that animal when 
the percentages for the various groups were 
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% with Serum Lipid, 
3+ or 4+ Av. Mg./100 Ce, 
Albumin 


with Altered 
istribution of 
Alkaline 
Phosphatase 
100 


‘ 


calculated. The lipid value was that ob- 
tained at the time of killing. 

Gross observation of kidneys from the 
animals given injections of nephrotoxic 
serum revealed a slight yellowish pallor. 
This was most marked in the anticortex- 
treated animals. Occasionally the kidneys 


were also enlarged. The kidneys of both 


Fig. 1.—Glomerulus of 
an animal given injection 
of cortex antiserum, 
showing minimal deposi- 
tion of alkaline phos- 
phatase; reduced 10% 
from mag. & 450 


ME — 7 abulation of the Extent of Disease in Animals of Different Groups Held 
Two Weeks or More After the Serum Injection : 
Glomerular I 
No. Animals Count 
Is 22.30 0 376 
20 18.17 55 687 
16 26.32 12 430 iy 
il 77.04 0 268 
_ 
> 


Fig. 2.—Glomerulus of 
an animal given injection 
of cortex antiserum, 
showing marked deposi 
tion of alkaline phos 
phatase; reduced 10% 
from mag. * 450 


anticortex- and antimedulla-treated animals 
which had been killed within the first week 
after the nephrotoxic serum injection occa- 
sionally showed minute hemorrhagic areas 
on the surface. 

Examination of the histological slides re- 
vealed an increased cellularity, thickened 
basement membrane, and edema of the 
glomeruli. These changes were more marked 
in animals receiving the anticortex serum 
than in those receiving the antimedulla 
serum and were not altered by pretreatment 
with hydralazine or tripelennamine. The 
neotetrazolium technique for the detection 
of succinic dehydrogenase revealed no 
change in the amount or distribution of that 
enzyme as a result of the nephrotoxic dis- 
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ease. It has been reported that normally 
alkaline phosphatase is not present in the 
glomeruli of the rat.'* It can be seen in 
Table 2 that 15% of the animals receiving 
the control serum and 100 of the animals 
receiving the anticortex serum showed a 
deposit of intraglomerular alkaline phos- 


phatase. This deposit appears about two 
weeks after the injection of the antiserum 
and apparently occurs first in the epithelial 
cells of the glomerulus, although in severely 
ill animals alkaline phosphatase can also be 
demonstrated in the basement membrane 
and in the endothelial cells ( Figs. 1 and 2). 
When the animals are pretreated with either 
hydralazine or tripelennamine the glomeruli 
are less frequently involved (Table 2), but 
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when they are involved the intraglomerular 
distribution remains the same. In many 
cases where there is an intraglomerular 
distribution of alkaline phosphatase there 
is also a decreased quantity of the enzyme 
in the tubules. 


Comment 


The fall in glomerular count occurring 
as a result of anticortex serum can be in- 
terpreted as a spasm of the renal afferent 
arterioles, spasm of the entire arteriolar 
bed, or a transient fall in blood pressure 
causing a temporary slowing of flow and 
showing up in this type of experiment as 
a decrease in count. If the wide variation 
in immediate response is to be explained 
by vascular spasm, then the extent of such 
spasm must vary in different animals from 
afferent arteriolar spasm to spasm of the 
main or large-branch renal vessels or else 
involve variable of the afferent 
arterioles. The observation that the dye 
reached the oral, aural, and nasal mucosa 
and the vascular bed of the liver concur- 
rently with the renal vascular changes indi- 
cates that the spasm did not involve the 
entire arteriolar bed. Therefore it is con- 
cluded that the spasm is a local vascular 
phenomenon. 


numbers 


Blood pressures were not 
taken at the time of the antisera injections. 
However, it is a well-known fact that the 
blood pressure tends to fall during the acute 
allergic reaction. In the event of such an 
occurrence it must be admitted that within 
the renal vascular bed there appears to be 
even less flow than in the general peripheral 
vascular bed. Either in a relative or an 
absolute sense there must be some degree 
of spasm in the renal vascular bed that is 
not duplicated in the general peripheral vas- 
cular beds, including that of the liver. If 
a fall in blood pressure were responsible for 
a decrease in renal blood flow one would 
expect the antitensive action of the hydrala- 
zine to augment further the decreased fill- 
ing of the renal vascular bed. As can be 
seen in Table .1, this is not the case. The 
lack of fall in glomerular count following 
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the injection of the antimedulla serum 
probably indicates the specificity of the reac- 
tion. However, it could conceivably indicate 
an increase in the velocity of flow occurring 
as a result of a minimal narrowing of the 
vessel concomitant with the maintainence 
of a constant pressure. Such an eventuality 
could occur only in the case of a reaction 
confined to a small area, such as the renal 
vascular bed. The marked pathologic 
changes occurring subsequent to the injec- 
tion of the anticortex serum is supported 
from a functional point of view by the sta- 
tistically significant decrease in the glomer 
ular count in animals with the longest 
duration of disease as compared with the 
counts of normal animals in the same weight 
range. The fall in count seen here cannot 
be explained on the basis of edema both 
because the edematous kidney was the ex- 
ception in this series and because the occur 
rence of the edema was no more pronounced 
in the anticortex than in the antimedulla 
group and counts of the latter group did not 
differ by a statistically significant increment 
from the counts of normal animals in the 
same weight range. 

It is to be noted that even the control 
serum causes a deviation in count from that 
occurring in the untreated animal of com 
parable weight range and hence cannot be 
regarded as completely innocuous. 

The antimedulla serum caused a severe 
disease pattern, as can be seen in Table 1. 
It is known that occasionally a potent anti- 
serum may be produced from the crudely 
separated medulla,’® and it is presumed that 
this is what has occurred here. Only the 
vascular response sets this apart from the 
anticortex-serum-induced disease, 

On the basis of radioautographic antibody 
localization studies '* and the localization of 
the most potent antigen source to the base- 
ment membrane of the glomerulus,” the 
pretreatment of animals was confined to 
those receiving the anticortex serum. As 
can be seen from Tables 1 and 2, following 
pretreatment with either tripelennamine or 
hydralazine there is an alleviation of the 
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marked reduction in the 
number of animals showing a redistribution 
of the alkaline phosphatase, and a retention 
of normal count in the animals held more 
than two weeks after the serum injection. 
Despite this fact there was no noticeable 
alteration in the pathologic picture, which 
continued to show marked thickening of 
the basement It is presumed 
that alleviation of the spasm is responsible 
for the maintainence of normal count and 


initial spasm, a 


membrane. 


the trend toward a normal distribution of 
the alkaline phosphatase. However, the pre- 
treatment with tripelennamine does not 
modify the hyperlipemia or the albuminuria, 
whereas these are maintained at near normal 
levels by the pretreatment with hydralazine. 
This may indicate the existence of at least 
two etiologic factors in the disease, one of 
which is spasm and the other or others of 
which remain unknown at the present time. 

It is not necessarily inferred from these 
data that any change occurs in renal blood 
flow, since it is not possible to assess that 
factor with the method used. The change in 
count could represent a change in renal 
blood flow or it could represent a change 
in the distribution of an unaltered renal 
blood flow through the juxtacapsular area 
of the renal cortex. In accord with these 
conjectures it is interesting to note that 
there is a phase of the nephrotic disease in 
children when renal plasma flow (as meas- 
ured by the iodopyracet [Diodrast] clear- 
ance), tubular excretory capacity (as 
measured by the iodopyracet Tm), and glo- 
merular filtration rate (as measured by the 
urea or inulin clearance) are greater than 
normal. Whether this bears any relationship 
to the transient period of increased counts 
seen in the early phase of the animal disease 
is not known."® The rise in count which 
can be seen in all of the serum-injected ani- 
mals for the five-day period following 
the serum injection (Table 1) cannot be 
reduplicated, even transiently, by the intra- 
venous injection of comparable amounts of 


isotonic saline. 
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The late redistribution of the alkaline 
phosphatase could be indicative of a meta- 
bolic derangement occurring secondary to 
the allergic reaction. Since this enzyme is 
generally thought to be concerned with the 
transport of glucose, such a redistribution 
might point to an aberration in carbohydrate 
metabolism, such as that proposed by Hey- 
mann, Bueding, and Hartman" this 
same disease. The retention of the normal 
pattern for succinic dehydrogenase distribu- 
tion and amount points to a normally func- 
tioning Krebs cycle. 


Summary 


A decrease in glomerular plasma flow 
occurs as a result of the intravenous injec- 
tion of heteronephrotoxic anticortex serum 
but not as a result of the intravenous in- 
jection of heteronephrotoxic antimedulla 
serum. 

Maintainence of glomerular plasm flow 
by injection of the anticortex serum into 
animals treated with hydralazine ( Apreso- 
line) modifies the disease as evidenced by 


a decreased hyperlipemia, decreased output 
of urinary albumin, decreased incidence of 
the shift of alkaline phosphatase, and the 
maintainence of a normal count. It does not 
modify the remainder of the histological 
picture. 


Maintainence of glomerular plasma flow 
by pretreatment with tripelennamine ( Pyri- 
benzamine) does not modify the hyperlipe- 
It does decrease 
the incidence of the shift of alkaline phos- 
phatase and maintain the normal count. As 
in the hydralazine-treated animals, it does 


mia or the albuminuria. 


not alter the remainder of the pathologic 
picture. 

The shift of the alkaline phosphatase into 
the glomeruli is distinctive, occurs after 
two weeks, and could represent an attempt 
of the kidney to compensate for a meta- 
bolic injury occurring as a result of the 
allergic reaction. 

Department of Anatomy, Temple University 
School of Medicine, Broad & Ontario Sts. (40). 
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Intussusception of the Vermiform Appendix with a 


Mucocele 


Review of Literature with Report of a Case 


WILLIAM F. McCORMICK, M.D., Memphis 


Incidence and History 


Intussusception of the gastrointestinal 
tract other than the appendix is a relatively 
common condition, having been called the 
commonest abdominal emergency in children 
under 2 years of age.’ 
intestinal obstructions by 


In a study of acute 
Tendler and 
Cartwright,” at the University of Tennessee, 
2408 cases of obstruction due to all causes 
in all age groups were reviewed. Intussus- 
ceptions of all types made up slightly less 
than 4.0% of the total. Another study, by 
sramilett et al.,® from the same institution, 
covering 1128 cases studied during the pe- 
riod of Jan. 1, 1944, through Dec. 31, 1953, 
gives an incidence of 3.2% for intussuscep- 
tions. None of these intussusceptions was 
of the appendiceal type. Indeed, Cope, in his 
monogram, states that “there are three vari- 
eties of intussusception—enteric, enterocolic, 
and colic. [nteric, where the small intestine 
colic, in which the 


alone is involved . 
colon alone is affected, and enterocolic. . . . 
He makes no mention of appendiceal intus- 
susception. This is not strange, as intussus- 
ception of the verimiform appendix is a 
very uncommon condition. In an extensive 
study of 50,000 human vermiform appendices 
by D. C. Collins * only 2 cases of intussus- 
ception were found, an_ incidence of 
0.004%. There were 112 cases of mucocele 
found in this study (0.2249), but they 
were not associated with the intussuscep- 
tions. Christopher,® in 1938, found some 80 
cases of appendiceal intussusception in his 

Submitted for publication May 31, 1957. 

From the Institute of Pathology, the University 
of Tennessee, and the City of Memphis Hospitals 


686 


Beard,® in his 
report of a case of intussusception of a 
mucocele of the appendix, states that “in- 
tussusception of the appendix from all 
causes is rare, but when intussusception is 
associated with mucocele, it is still rarer.”’ 
He further states that in his search of the 
literature he was able to find only seven 
cases up to 1949. Fraser? (1943) was able 
to find only 82 cases of intussusception of 
the appendix and only 5 cases associated 
with mucocele. He reported seven more 
cases of intussusception, one of which had 
an associated mucocele. 

McKidd (1859) was the first person to 
report an intussusception of the vermiform 
appendix. The first case found at operation 
was reported by Knight, in 1890. The first 
case found at operation in which the patient 
survived was reported by McGrew, in 1896. 
The first published case of mucocele of the 
appendix associated with intussusception 
was that of McLennon, in 1919; he reported 
two cases. 


review of the literature. 


rom these figures it can be seen that 
intussusception of the vermiform appendix 
is rare, about 100 cases having been reported 
to date. Mucoceles themselves are not fre- 
quent, only 136 being seen at the Mayo 
Clinic in 43,000 cases of appendicitis over 
a 24-year period * and 112 cases in the series 
of Collins. Shemilt® states that only about 
400 cases could be collected in the literature 
up to 1936. Only 16 cases of intussusception 
with mucocele could be found by Adelman 
and Teplick'™ in the literature to 1955, 
making this a rare abnormality. (See Table 
for summary of cases to date.) 
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Summary of Cases of Intussusception of the 
Vermiform Appendix 


No. 

Author Date of Publication Cases Age Sex 
McLennon * 1919 2 ? ? 
Weaver!’ April, 1928 1 43 F 
Mulson * 1930 1 ? ? 
Squires '* March, 1931 1 
Martin'* 1934 1 69 F 
Hall * 1934 1 ? ? 
Jones & Carmody** June, 1936 1 Bo F 
Dannreuther *' February, 1936 Reports no new 

cases; quotes Ken- 
nedy * 
Morgan * 1937 1 ? ? 
Kross"? September, 1038 1 
Ward-MeQuaid'* July, 1949 1 57 F 
Boon & Sibley ** June, 1951 i “0 
Zeller July-August, 1951 42 F 
Beard January, 1055 1 F 
2 55 Fr 


Adelman & Teplick'* June, 1955 


* These reports were not available te me at this time. Their 
cases were quoted by other authors 

+ Fraser stated that he could find only 5 cases in 1943; however, 
11 cases had been reported to that date. 

t Beard was able to find only 7 of the 12 cases up to 1949. 


Etiology with Pathogenesis 


Mucoceles result from the accumulation 
of mucin within the lumen of the appendix, 
owing to an obstruction of the lumen proxi- 
mally..*7° This obstruction of the lumen 
can be due either to  postinflammatory 
scarring or to the so-called “normal” 
involutional changes in the appendix with 
advancing age.*’ Shemilt® states that the 
comparative rarity of the condition is ac- 
counted for by the unusual combination of 
events, which are (1) localized obstruction 
of the lumen of the appendix, (2) preserva- 
tion of its blood supply, (3) excess secretion 
of mucin over absorption. 

Intussusception of the appendix probably 
differs little in its etiology from that seen 
elsewhere. The appendix is known to pos- 
sess peristaltic activity. When the lumen of 
the appendix is blocked (fecalith, parasite, 
mucocele, etc.) increased peristaltic activity 
is set up. The too-vigorous intestinal peri- 
stalsis tends to “milk” the appendix into 
itself or into the cecum. 

According to McSwain,'* “intussuscep- 
tions of the appendix have been found to 
occur in four distinct ways.” He designates 
them as Types I through IV, as follows. 

Type I.—The process begins at the tip 
and extends inward, the tip being the in- 
tussusceptum. 
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INTUSSUSCEPTION OF APPENDIX WITH MUCOCELE 


Type Type IL Type WW 


Fig. 1.—-Illustration of the types of appendiceal 
mtussusception, 


Type 11.—-The process begins at the base, 
with the distal portion of the appendix 
being the intussusceptum and either the 
cecum or the base of the appendix the in- 
tussuscipiens. This is numerically much 
the largest group. 

Type 111.—The proximal portion of the 
appendix is the intussusceptum. 

Type 1V.—The appendix is completely in- 
verted into the cecum, 

There may also be combinations of the 
above four types (Fig. 1). 

Ward-McQuaid ™ reported a case of in- 
tussusception of a mucocele of the appendix 
in which the appendix, cecum, and lumen all 
intussuscepted into the ascending colon, 


Age and Sex 


Intussusception of the appendix is com- 
moner in children than in adults. The aver- 
age age of 77 cases analyzed by McSwain ™ 
was about 16 years. Mitchell '* states that 
the majority of cases occur in the first dee- 
ade of life. Beard" gives the average age 
of patients with mucocele and intussuscep- 
tion as 35 years, showing a marked differ- 
ence between this group and those without 
the mucocele. Intussusception has been re- 
ported in infants as young as 10 months ™ 
and in adults as old as 75 years.? Females 
predominate in the cases with mucocele, 
whereas males predominate four or five to 
one times over females in the intussuscep- 
tions without mucocele," 


Report of Case 


A 70-year-old Negro woman was admitted to the 
hospital because of abdominal distention, vomiting, 
and Cheyne-Stokes respiration of three days’ 
duration. Little history was available hecause of 
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the semicomatose condition of the patient, but the 
patient was reported to have had a “stroke” ap- 
proximately two months prior to this hospital ad- 
mission. She was not seen by a physician at that 
time, however. During the hospital admission her 
blood pressure was found to be 220/110 mm. of 
Hg. A right hemiparesis was present, Grade 3 
sclerotic eye grounds were present, and her abdomen 
was reported to be distended and tympanitic, with 
hyperresonant bowel sounds. Rectal examination 
at that time was reported as negative 

Laboratory examination done on admission re- 
vealed a hematocrit of 46 mm., 2+ protein in the 
urine, 44+ sugar in the urine, a fasting blood 
sugar of 450 mm. per 100 cc. a blood N. P. N. 
value of 50 mg. per 100 cc., and white cell count of 
8700 per cubic millimeter. A lumbar puncture done 
on the second hospital day revealed no abnormalities 
in the dynamics, chemical studies, or cytology of 
the spinal fluid 

The stool examinations were negative for ova, 
parasites, and enteric pathogens. On x-ray exami- 
nation the colon was found to be markedly 
distended. No gas was seen in the rectum. A 
barium enema revealed no rectal obstruction. 

A chest x-ray showed some enlargement of the 
heart but was otherwise nonrevealing. An electro- 
cardiogram revealed left ventricular strain with 
no other abnormalities. The patient continued her 
downhill course, remaining comatose until her 
death. She died three weeks after admission to the 
hospital. 

At autopsy a very obese Negro female, 
weighing 90 kg. and measuring 155 cm., 
was seen. The heart was grossly enlarged 
and weighed 440 gm. There was moderate 
sclerosis of the coronary vessels but no 
evidence of myocardial infarction. A diffuse 
myocardial fibrosis was present on micro- 
scopic examination. 

The kidneys were finely granular, and 
there was marked vascular sclerosis seen 
on microscopic examination, There were 
many hyalinized glomeruli and some thick- 
ening of glomular basement membranes. 

No lesions were seen in the lungs, liver, 
and spleen, either on gross or on micro- 
scopic examination. There were multiple 
small infarcts found in the pons, basal nuclei, 
and temporal lobes of the brain. 

Marked fibrosis of the pancreatic acini 
was present. The islets were normal. 

The finding of most interest was related 
to the vermiform appendix. A mucocele, 
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4 cm. in diameter, was found in the distal 
portion of the appendix. The lumen of the 
appendix was stenotic below the mucocele. 
Three centimeters proximal to the mucocele 
the appendix had intussuscepted into itself. 
Two centimeters below this intussusception 
was another intussusception, this of appen- 
dix into cecum. 

The vessels in the serosa of the appendix 
were engorged, but no periappendiceal ab- 
scesses, adhesions, etc., were found. The 
intussusception presenting in the cecum was 
dark and discolored. 

On microscopic examination the portion 
of the appendix in the cecum was found to 
be infiltrated by acute and chronic inflamma- 
tory cells and to be showing necrosis of its 
mucosa (Figs. 2, 3, and 4). 


Summary 


A brief review of the literature from this 
institution and elsewhere on the frequency 
of intussusceptions in general, on intussus- 
ception of the vermiform appendix, and on 
intussusception of the vermiform appendix 
with an associated mucocele is presented. 


Fig. 2.--Gross photograph illustrating relation of 
the appendiceal mucocele with the appendix and 
the intussusception of the appendix into the 


cecum, 
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INTUSSUSCEPTION OF APPENDIX WITH MUCOCELEL 


Fie. 3.—Close-up view of appendix. 


Fewer than 100 cases of intussusception 
of the appendix and only 18 cases of intus- 
susception associated with mucocele could 
be found. Intussusceptions of all types make 
up only about 3.0% to 4.0% of all cases 
of intestinal obstruction. Mucoceles are un- 
common, occurring in 0.2% to 0.39% of 
appendices. 

The possible etiology of appendiceal intus- 
susception with mucocele is discussed. 

The youngest patient with an intussuscep- 
tion found was 10 months of age, and the 
oldest, 75 years. Males predominate over 
females four or five to one times for intus 
susception alone, whereas females predomi 
nate over males in cases with mucoceles. 
The age of patients v ‘th intussusception 
and mucocele is greater than in those pa 
tients with intussusception alone, 

lor the first time a case of mucocele 
with intussusception in a 70-year-old Negro 
woman is reported here. This case repre- 
sents an intussusception of the appendix into 
itself and also into the cecum. The mucocele 
was not intussuscepted into the cecum and 
apparently played no role in the development 
of the multiple intussusception. It differs 


in this respect from the previously reported 


cases, 

This case is reported because, as Zeifer ' 
states, “. . . individual case reports will be 
of value.” This is the 19th known case of 
intussusception of the vermiform appendix 
with a mucocele. 

Institute of Pathology, University of Tennessee, 


858 Madison Ave. (3) 


McCormick 


Lutussus cephow of 
Append: x imbo Cecun 


of appendia 
Append:« 


Fig. 4.—Diagram of the appendix in this case 
The intussusception of the distal appendix into the 
proximal appendix cannot be seen on the gross 
photographs, as it was inadvertently reduced in 
cutting the specimen. 
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Carcinogenesis and Acute Intoxication with Large 


Introduction 

This study is concerned with an examina- 
tion of the pathological findings following 
the administration of large toxic doses of 
polycyclic hydrocarbon carcinogens and the 
influence of this intoxication on tumor in- 
duction. In tumor induction experiments 
it has long been recognized that the dosage 
of the agent used must be low enough to 
allow animals to survive side-effects that 
might interfere with carcinogenesis. The 
inhibition of tumor induction might be a 
manifestation of the effects of caloric re- 
striction '; it might additionally be due to 
some unknown action.” In the instance of 
the carcinogen 9,10-dimethyl-1,2-benzanthra- 
cene (DMBA) it was felt that its true car- 
cinogenic potential was probably masked by 
its toxic side-effects during the initial test.* 
To study this situation overwhelming doses 
of carcinogens have been applied to the skin 
of mice far in excess of those usually em- 
ployed. The tumor-inducing capacity of a 
group of compounds has been recorded and 
compared under these extreme conditions. 
Since the toxic effects noted in these initial 
experiments were striking and bore a close 
resemblance to the pathological effects re- 
ported for ionising radiations, a detailed 
morphological study of the lesions induced 
has been undertaken. 

In spite of the fact that biological effects 
other than carcinogenesis have been studied 
in polycyclic hydrocarbons over a period of 
Submitted for publication June 25, 1957. 
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years, no consistent pathological findings 
have been reported. Haddow and his co- 
workers undertook many detailed investiga- 
tions of the tumor-growth-inhibitory action 
of many carcinogenic compounds.** In the 
course of these studies and those of Lees 
and Lees,* concerned with the lethal dose, 
no consistent pathological findings in the 
spleen or bone marrow were found or men- 
tioned. Other investigators have noted 
changes in the spleen, lymph nodes, and 
blood picture with some of the carcinogenic 
hydrocarbons.*"* 
studies were performed with relatively low 
doses of hydrocarbons, usually over a long 
period of time. For this reason they provide 
some pointers to a pattern of intoxication 
but do not give the whole picture. In the 
present study pathological investigations 
have been undertaken on acute toxicity; the 
quantities of materials administered were 
uniformly high. : 


The majority of these 


Methods 


The animals used in these studies were male 
Swiss mice bred in this laboratory. They were 2 
to 24% months old at the beginning of the experi- 
ment. They were housed in plastic cages and fed 
Rockland mouse diet and water ad libitum, In the 
first group of experiments carcinogens were ap- 
plied to the dorsal region, which was previously 
shaved with an electric clipper. The carcinogens 
used were 3,4-benzpyrene (BP), 20-methylcholan- 
threne (MC), and DMBA (Eastman Organic 
Chemicals). The solvents were purified benzene 
or acetone. The solutions were applied with a glass 
dropper, each drop being approximately 20, In 
the second group of experiments several chemicals 
were injected into the peritoneal cavity. The 
chemicals and the media will be described in the 
experiments. The animals were observed until 
spontaneous death or killed with ether when they 
were dying in order to have better-preserved 


tissues for histological examination. Autopsy and 
histological examination of different tissues ac- 
cording to the experiments were performed in all 
animals. 


Experiments 
Painting Experiments 


Groups of 12 mice received repeated applications 
6 days a week for varying periods up to 19 weeks 
of concentrated acetone solutions of BP and 
DMBA and benzene solution of MC. The dosage 
level depended upon the solubilities of the various 
compounds, being 1.5% for BP and 2% for MC 
and DMBA; each dose consisted of 4 drops, a 
total of approximately 0.08 mil. of solution. An 
additional group of 14 mice received twice this 
dosage of MC, the application being made twice 
each day 

Results 

1. BP: All the 12 mice developed multiple 
tumors, each animal bearing at least one 
squamous-cell carcinoma, although the ma 
jority of the 71 tumors induced were sessile 
or pedunculated papillomas. The first papil 
loma was observed at the 6th week of the 
experiment, and the average latent period 
for the first tumor in each animal was 10 
weeks. Two animals died with multiple car 
cinomas at the 14th and 17th weeks of the 
experiment; the remainder survived to the 
end of the 19-week painting period, the last 
animal dying at the 27th week. The initial 
reaction to the large doses of carcinogen 
was epilation and desquamation; little or no 
gross ulceration was seen; after the fourth 
week of the study the hair grew back and 
the skin appeared relatively healthy. No 
metastases were seen, 

2. MC: The initial group of mice receiv 
ing daily applications had two deaths, at the 
second and fifth weeks, without any tumors; 
the remaining 10 animals all developed at 
least one squamous-cell carcinoma, although 
again the majority of the 149 tumors in 
duced were papillomas. In this instance 10 
papillomas regressed and were not counted 
in the total, and more of the tumors were 
of the pedunculated and conical variety 
that with BP. The first papilloma was noted 
at the fourth week, and the average latent 
period for the Ist tumor in each animal was 
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six weeks. The MC was more damaging to 
the skin than the BP, and after the initial 
epilation gross ulceration was seen; when 
the hair began to grow back it only did so 
partially. As with the tumors in the first 
group, no metastases were noted. 

In the second of these groups, receiving 
twice daily applications of MC for eight 
weeks, 13 of 14 survivors developed a total 
of 214 tumors, once again each animal hav- 
ing at least one squamous carcinoma. The 
first tumors were seen at the fourth week, 
and the average latent period for the Ist 
tumor in each animal was five and one-half 
weeks. At 15 weeks all the animals were 
dead or had to be killed. At the beginning 
of this study the average weight of the mice 
was 24.9 gm.; this decreased to 22.1 gm. at 
the end of a week and increased to 24.6 
gm. by the 11th week. This dosage of MC 
resulted in complete epilation of the treated 
area, and this remained so; no marked ul- 
ceration was noted, 

3. DMBA: All the animals in this study 
died or had to be killed because of their 
condition before any tumors had arisen, Two 
animals died on the 11th day of the experi- 
ment and five more on the 16th day, at 
which time the remaining five were mori- 
bund. At autopsy all the animals had 
epilated, thickened, and ulcerated skin, with 
some hemorrhages in the dermis and sub- 
cutaneous tissue of the treated area. In some 
animals there were large hemorrhagic in- 
filtrations of the small-bowel wall. There 
were also focal hemorrhages in the pancreas, 
retroperitoneal tissue, and pleurae. The most 
notable feature was the extremely small 
spleens, measuring an average of 12X32 
mm. All the lymph nodes were small and 
gray. Histological examination of the skin 
showed areas of necrosis of the epidermis, 
involving the skin appendages and occa- 
sionally the subcutaneous tissue. At the 
periphery of these ulcerations the epidermis 
was markedly hyperplastic, with hyperkera- 
tosis. The hair follicles were hyperplastic, 
with some cystic dilatation, and sebaceous 
glands were absent. There was a constant 
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hemorrhagic infiltration in the dermis. The 
spleen showed the most striking features; 
both longitudinal and transverse sections re- 
vealed a marked shrinkage of the organ. 
The capsule and trabeculae appeared promi- 


nent, due to shrinkage of the parenchymal 


structures and thickening of the collagen 
fibers (lig. 1). The Malpighian corpuscles 
were prominent, but the lymphocytes, mostly 
of medium size, were decreased in number. 
abundant 
cytoplasm, interpreted as reticular cells, were 


Larger mononuclear cells with 


conspicuous in the germinative center and 


2.—Same as Fig 
ure 1. Spleen, showing 
small Malpighian cor 
puscles entirely composed 
of reticular cells. Hema 
toxylin and eosin; * 240 


Fig. 
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Fig. 1.—Repeated skin 
applications of DMBA. 
Spleen, showing marked 
shrinkage with preserva- 
tion of the architecture. 
Thickening of the capsule 
and trabeculae. Silver 
impregnation (Snook) ; 
125 


around the follicle. In some instances the 
follicles were very small and entirely com- 
posed of reticular cells (Fig. 2). Much 
nuclear debris was either present between 
the reticular cells or contained in large pha- 
The dilated and 
congested, The splenic cords revealed consid- 
shrinkage 
(Fig. 3); lymphocytes and extramedullary 


gocytes. sinuses were 


erable cellular depletion and 
hematopoiesis were absent, and erythrocytes 
were relatively abundant (big. 4). Numer- 
ous large histiocytes loaded with hemosiderin 


were seen; megakaryocytes were entirely ab- 
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Fig. 3.—Same as Fig 
ure 1. Spleen, showing 
advanced depletion of the 
cords and follicles. Peri- 


odic acid Schiff; 125 


sent. The lymph nodes were small, the 


lymphocytic component of the follicles and 


cords being depleted. The follicular pattern 


was generally preserved; the follicles were 
composed of large reticular cells. Nuclear 
debris was present. Sometimes the follicles 
were completely absent, and in the cords 


3 


there were no lymphocytes at all, the entire 
lymph node being composed of sparsely ar- 


ranged reticular cells (lig. 5). In the small 
: intestine hemorrhagic infiltration was seen 
: in the mucosa and submucosa as well as in 


the mesentery. Occasional focal hemor- 
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rhages were seen in the pancreas and renal 
There appeared to be a moderate 
decrease in spermatogenesis in the testes. 
With the exception of minor degenerative 


pelvis. 


changes in the heart muscles and liver, no 
notable pathological lesions were noted in 
the organs The bone 
was not studied in this series. 
This repeated — with 
another group, of 10 mice; the results were 


examined. marrow 


experiment was 


essentially the same. Three mice died after 
11 days of treatment; five others, on the 
13th, 14th, 15th, 17th and 18th days, re- 


Fig. 4.—Same as Fig- 
ure 1. Spleen, showing 
numerous erythrocytes 
present in the cords, with 
abundant hemosiderosis 
Hematoxylin and eosin; 
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spectively, and the other two, at the end 
of 5th and 6th weeks. The gross and 
histological picture was the same as that 
described for the other group; the most 
notable feature again was the shrinkage of 
the spleen, weighing an average of 20 mg., 
varying from 10 mg. to a maximum of 26 
mg. After the first and second weeks, blood 
cell counts were taken from the tail of a few 
mice. The red cells appeared to be moder- 
ately decreased, reaching an average of 
7,500,000 in the second week, and the leuko- 
cytes were markedly reduced, varying be 
tween 3500 and 7500. 

A further experiment with DMBA was 
then undertaken, with employment of more 
quantitative methods and but a single ap- 
plication of carcinogen. DMBA, 400 mg. 
per kilogram, was applied to a large shaved 
area of skin as a 2% solution in acetone. 
The average weight of the mice being 25.5 
gm., each mouse received 10 mg. of DMBA. 
The weight dropped continuously to an 
average of 20.5 gm. on the sixth day. Two 
animals died, and two were moribund on 
the 7th day; five other mice had died or 
were killed when moribund by the 11th day. 
(ne mouse survived three months and de- 
veloped eight papillomas at the periphery of 
the treated ulcerated area. In 5 of the 10 
animals blood cell counts were performed 
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‘ig. 5.—Same as Fig- 


ure Axillary lymph 
node; the follicles are 
absent. There are nu- 


merous sparsely arranged 
reticular cells. Hema- 
toxylin and eosin; 100. 


two days before and throughout the treat- 
ment. Blood was obtained from the tail, and 
the RBC, WBC, platelet, reticulocyte, and 
differential counts were taken. A moderate 
reduction of erythrocytes was observed, 
most marked in the only survivor, in which 
there were 5,400,000 red cells 18 days after 
treatment. Reticulocytes disappeared com- 
pletely after the third day. The number 
of leukocytes decreased markedly and rapidly 
to an average of 7000 for the five animals 
at the sixth day, as compared with the 
average 25,000. Each animal 
reached its lowest value just before death. 
Platelets were not counted before the start 
of the experiment. 


normal of 


However, they showed 
an increase over the normal at the beginning 
of the experiment and decreased markedly 
between the 9th and 11th days. Blood smears 
showed anisocytosis and poikilocytosis of 
the erythrocytes. On the second day of the 
experiment the differential count showed a 
relative increase of the neutrophils, being 
approximately equal in numbers to the 
lymphocytes; after the third day the lympho- 
cytes increased relatively to 859-95% and 
the neutrophils showed a decrease varying 


between 14% to 4%. Monocytes ranged 


from 1% to 3%, All the neutrophils were 
segmented, and some, hyperlobulated, No 
last 


eosinophils were seen. In the stages 
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big. 6. Single skin ap 
plication of DMBA 
Periaortic lymph node; 
reconstitution of a nor 
mal follicular pattern, 
with prominent medium 
sized lymphocytes. Hema 
toxylin and eosin; * 110 


the platelets were very numerous in the 
smears but were agglutinated. No immature 
cells were seen. Autopsy examination re- 
vealed a picture similar to that already 
described after repeated application of 
DMBA, except that only one instance of a 
hemorrhagic 
The invariably small, 
weighing between 22 and 43 mg., with an 


average of 30 mg 


lesion im the imtestine was 


secn spleen Was 
Histological examination 
of the spleen showed a picture similar to 


that previously deseribed, with depletion of 
the lymphoeytic clements of the Malpighian 


A.M. A. ARCHIVES OF PATHOLOGY 


corpuscles and of the splenic cords, absence 
of myelo- and erythropoiesis, absence of 
megakaryocytes, and large amounts of hemo- 
siderosis. picture different from the 
previous experiments was seen in the lymph 
nodes, where abundant proliferation of 
reticular cells and of medium-sized lympho- 
cytes was present in the follicles and cords 
(bigs. 6 and 7). Only occasionally was nu- 
clear debris seen. This pattern, with minor 
quantitative variations, was seen throughout 
the superficial and internal lymph nodes. In 
addition, in a few instances focal areas of 


Fig. 7.—Same as Fig- 
ure 6. Axillary lymph 
node; conspicuous pro- 
liferation of reticular 
cells. Hematoxylin and 
eosin; & 130. 
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Fig. 8.—Same as Fig- 
ure 6. Vertebra; ad- 
vanced aplasia of the 
bone marrow. Hema- 
toxylin and eosin; < 120. 


necrosis were seen in the cervical lymph 
nodes. The bone marrow was studied in 
sections of femur, sternum, and vertebrae 
fixed in either Zenker acetic or Zenker for- 
mol and then decalcified. These sections re- 
congestion of the 


venous sinusoids and a marked cellular de- 


vealed distention and 
pletion involving all elements (Figs. 8 and 
9). 


it could be noted that cellular depletion was 


In longitudinal sections of the femur 


more advanced in the epiphysis and meta- 
physis than in the diaphysis (ligs. 9 and 
10); degenerative changes were present in 
the remaining elements, although it was im- 
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possible to decide to which series they be- 
longed. Megakaryocytes were very rare, 
and their nuclei degenerated. In other or- 
gans no remarkable pathology was noted, as 
in the case of the experiments with repeated 


applications of this compound, 


Intraperitoneal Injection Experiments 


Five groups of five mice each were given 
injections of a single dose of 1 gm. per kilogram 
of body weight of the following hydrocarbons : 


DMBA, BP, MC, 


either 33% solutions or suspensions in olive oil 


fluorene, and anthracene as 


The average weight of the mice was 25 gm., and 
thus each mouse received 25 mg. of the particular 


Fig. 9.—Same as Fig 
ure 6. Femur diapliysis ; 
hone marrow depletion 
and congestion of the 
sinusoids Hematoxylin 
and eosin; 150 
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Fig. 10.—Same as Fig- 
ure 6. Femur; more ad- 
vanced bone marrow 
aplasia in the epiphysis 
and metaphysis. Hema- 
toxylin and eosin; 100. 


compound in 0.75 ml. of olive oil, A sixth, control, 


group received only olive oil 

Results 

Gross Findings: 1. DMBA. This com 
pound was mostly in solution, All five mice 
died on the fifth day after injection; they all 
lost weight, the average being 21.5 gm. at the 
time of death. Gross examination showed 
that the injected solution had been well ab- 
sorbed; the spleens were all small, and 
some congestion was present in the bowel. 
No other macroscopic findings were present. 

2. BP. This compound was only partly in 
solution, the remainder being in suspension. 
Two mice died on the &th day after injec- 
tion; a third, on the 9th; the fourth, on the 
16th, and the last, on the 26th day. The first 
three animals to die lost weight, averaging 
21 gm., but the one dying on the 16th day 
weighed 29 gm., although it had considerable 
subcutaneous edema. Autopsy of the four 
mice dying by the 16th day revealed the 
persistence of quantities of the benzpyrene 
and oil in the peritoneal cavity. A moderate 
peritoneal reaction was present. The spleens 
were all small, weighing from 24 to 41 mg. 

3. MC. This compound again was partly 
in solution and partly in suspension in olive 
oil. Two mice died on the 2nd day; another, 
on the 3rd, and the last two, on the 15th 
day after injection. The first three mice to 
die had lost weight, averaging 19 gm., and 
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the 
although both had extensive subcutaneous 


last two gained approximately 1 gm., 
edema. In all mice there was persistence of 
MC and olive oil in the peritoneal cavity. 
The spleens of the two animals dying on the 
15th day weighed 11 and 41 mg., respec- 
tively. 

4. Fluorene. This compound was injected 
as a solution, One mouse was killed at the 
15th day; the solution had been well ab- 
sorbed, although some peritoneal reaction was 
present. No other pathological findings were 
noted. The spleen was of normal size, 
weighing 208 mg. Five months later the 
remaining four mice were alive and in good 
condition. 

5. Anthracene. This compound was in- 
jected partly as a solution and partly suspen- 
sion in olive oil. After 15 days one mouse 
was killed. It weighed 29.5 gm. and, al- 
though the oil was all absorbed, there was 
some anthracene still present in the peri- 
toneal cavity. The spleen weighed 155 mg. 
Five months later the remaining four mice 
were all still alive and in good condition. 

6, Olive Oil. One animal, weighing 28 gm., 
was killed after 15 days; the oil was found 
well The spleen 
weighed 145 mg. No gross pathology was 
later the other four 
mice were still alive and in good condition. 


to have been absorbed. 


seen. Five months 
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Histological Findings: No hematological 
studies were undertaken in this group. In 
the DMBA group the histological findings 
reported in all previous groups were re- 
peated. In the BP group sections of the 
spleens of animals dying at the ninth day 
showed some shrinkage of the organ; the 
size of the Malpighian corpuscles was pre- 
served; much nuclear debris was present, 
particularly in the center of the follicle ( Fig. 
11). The splenic cords showed moderate 
cellular depletion. By the 16th day the 
spleen was smaller; the follicles and the 
splenic cords were greatly depleted, and 
megakaryocytes were totally absent. There 
was prominent hemosiderosis. On the 26th 
day the hypoplasia was still more marked in 
the splenic the 
prominent and edematous. 


trabeculae were 
In the follicles 
there was a predominance of large lympho- 
cytes. 
In the group treated with MC the spleens 
of the three mice dying on the second and 


cords; 


third days again showed a marked cellular 
depletion as well as dilatation and congestion 
of the sinuses. In the mice dying on the 
15th day, depletion of the splenic cords was 
more advanced and megakaryocytes were 
absent. 

Histological examination of the fluorene, 


anthracene, and olive oil control groups re- 


vealed a moderate enlargement of the 
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Fig. 11.—Intraperito- 
neal injection of BP. 
Spleen; abundant nuclear 
debris in the Malpighian 
corpuscles. Moderate cel- 
lular depletion of the 
cords. Hematoxylin and 
eosin; 150. 


germinative centers of follicles. 
Histological study of the lymph nodes, thy- 
mus, liver, and kidneys revealed no ab- 


splenic 


normalities. 


Extension of MC Intraperitoneal Study 


The MC intraperitoneal injection experiment was 
repeated, with use of lower doses in two groups of 
five The dosage used were 0.1 and 
per kilogram body weight. The mice, 
weighing an average of 25 gm., were thus given 
injections of either 2.5 or 12.5 mg. of MC in 05 
ml, of olive oil. 


Results 


mice each. 


0.5 gm 


In the first group receiving the lower 
dosage all five mice were still alive five 
months later; their weight showed a moder- 
ate decrease for the 24 days after the in- 
jection. Hematological examination showed 
no change in the erythrocyte count; the leu- 
kocyte count decreased but with considerable 
variation from mouse to mouse, the average 
lowest level being 13,500 thirteen days after 
injection. The platelet count again showed 
considerable individual variation, the highest 
level being an average of 2,063,000 on the 
10th day and 1,176,000 average on the 17th 
day, the lowest. 

In the group receiving the higher dose the 
average weight dropped to 22.5 gm. after 
three days. Subsequently the weights and 
blood cell counts showed such great in 
dividual variations as to obviate the useful- 
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Fig. 12.—Intraperito 
neal injection of MC 
Spleen; shrinkage of the 
organ, with cellular de 
pletion and marked hemo 
siderosis Hematoxylin 
and eosin; * 125 


ness of mean values. One mouse died six 
days following the injection; MC was pres 
ent in the peritoneal cavity. A second mouse 
died on the 12th day; autopsy revealed 
marked subcutaneous edema. Two other 
mice died on the 18th and 20th days follow 
ing injection; the weights of the spleens 
varied from 20 to 46 mg. Histological 
changes in the spleen similar to those pre- 
viously outlined were seen again (lig. 12). 
A similar pattern of cellular depletion was 
seen in the lymph nodes, followed in those 
mice dying later by a reconstitution of a 
normal cellularity and disappearance of nu- 
clear debris, Sections of the femur showed 
severe cellular depletion, most marked in the 
epiphysis and metaphysis. The sinuses were 
dilated and congested; the megakaryocytes 
had pyknotie nuclei. In one mouse, dying 
at the 20th day, the cellularity of the bone 
marrow appeared partly reconstituted. The 
intestinal tract manifested degenerative 
changes of the villi and occasional focal 
hemorrhages in the mucosa. No other nota- 
ble pathologic findings were observed. 


Comment 
The findings of the present study may be 
considered in two parts. The first instance 
is concerned with the carcinogenic action 
on the skin of polycyclic hydrocarbons when 
employed in overwhelming doses. With BP 
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and MC tumors were induced in large num- 
bers and with an extremely short latent 
period, The toxic action of these compounds 
may be not revealed by the skin applications 
or may be quite transient, and this appar- 
ently does not interfere with their carcino- 
genic effect. One of the difficulties in 
making comparisons between these two com- 
pounds arises from their different solubili- 
ties; nevertheless, it is interesting to note 
that even at these doses there is a consider- 
able difference in the carcinogenic response 
to BP and MC, the latter compound induc- 
ing almost twice as many tumors in a con- 
siderable shorter time that the former, in 
spite of the fact that MC is more necrotising 
of the two agents. It would seem that if the 
dosage of carcinogen is large enough the 
inhibitory effects of its toxicity, either local 
or systemic, may be overridden. Even in the 
instance of DMBA, which killed almost all 
the animals before tumors could arise, the 
isolated survivor did have a large tumor 
yield. 

The second aspect of this study refers on 
the acute toxicity of polycyclic hydrocar- 
bons. DMBA, in accord with its higher solu- 
bility and better absorption, showed an acute 
lethal effect both when applied to the skin 
and when injected intraperitoneally, while 


BP and MC showed a similar effect only 


after intraperitoneal injection of a single 
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high dose. Anthracene and fluorene, adminis- 
trated under the same conditions, failed to 
produce any toxic effects. The pathological 
picture induced by the three carcinogenic 
hydrocarbons was essentialiy morphologi- 
cally similar, although with quantitative vari- 
ations. Myelo-, erythro-, and lymphopoiesis 
were much affected, with involvement of 
peripheral blood, spleen, lymph nodes, and 
bone marrow. The absence of pathological 
change in other organs, with the exception 
of testes and intestinal mucosa, was striking. 

There have been sporadic investigations 
reported during the past 20 years of the 
toxic effects of carcinogenic hydrocarbons. 
Lesions in the spleen similar to those re- 
ported in this paper were observed following 
administration of BP by Picard and Ladur- 
on.*® Other investigators mention effects on 
the lymphoid tissues of 1,2,5,6-dibenzan- 
thracene and other hydrocarbons,""* al- 
though these are after lower dosages and 
the effects are, for the most part, chronic. 
In these studies a comparison was made be- 
tween the action of the carcinogen hydro- 
carbons and_ related noncarcinogenic 
material; thus, the anthracene was found, as 
in the present investigation, to have no sig- 
nificant toxic action. Taschner et al.” car- 
ried out a detailed hematological study and 
reported a leukopenia with similar temporal 
relationships to this study, following the ad- 
ministration of BP, MC, and 1,2,5,6- 
dibenzanthracene. 

The toxicity of DMBA has been noted 
since its first discovery; although attention 
was paid to the possibility that the toxic 
action manifested might be obscuring its 
carcinogenic action, the details of the de- 
structive side-action were not considered in 
detail. More recently, Stamer™ has paid 
close attention to the hematological findings 
in animals treated with relatively large doses 
of DMBA in investigating the possible use 
of this compound as a chemotherapeutic 
agent in the treatment of leukemia. This 
investigator found that a consistent pattern 
of leukopenia could be observed with high 
doses, in keeping with the findings in the 
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present study; he did not, however, report 
upon the pathology of the other tissues. 

In the large number of studies on trans- 
plantable tumor growth inhibition by Had- 
dow and his co-workers*? many animals 
were given injections of high doses of car- 
cinogenic hydrocarbons; in the majority 
of instances, however, the doses were not as 
high as those employed in the present in- 
vestigation. These investigators did not note 
any pathological changes in the spleen or 
liver that they felt could be aysociated with 
the treatment. In their view the intoxication 
by these carcinogenic chemicals was dif- 
ferent from that produced by x-ray, since 
there did not appear to be a recovery phase 
after the former treatment, whereas this 
was characteristic of the latter. The studies 
reported here do show clearly that there is a 
recovery phase in terms of regeneration of 
the hematopoietic tissues, as was seen after 
acute irradiation.’® The difference between 
these studies and those reported previously 
by Haddow and his group lies in the mode 
of administration. In this instance the in- 
toxication has been observed following a 
single large dose of the agent; in the studies 
of the other investigators most animals were 
treated with repeated intraperitoneal injec- 
tions. 

rom this study there would seem to re- 
main little doubt that the three carcinogenic 
hydrocarbons tested are capable of inducing 
an acute intoxication with characteristic mor- 
phological features, involving the spleen, 
lymph nodes, and bone marrow. This is re- 
flected in a characteristic hematological pic- 
ture which is associated with the death of 
the animals, The pathological picture seen 
bears a close resemblance to acute radiation 
damage '® and to the pathological effects of 
agents such as mechlorethamine hydro- 
chloride (nitrogen mustard).’7 The dif- 
ferences between the toxicity of these agents 
and the polycyclic hydrocarbons tested would 
appear to be quantitative rather than qualita- 
tive. That agents as dissimilar as x-rays, 
nitrogen mustard, and polycyclic hydrocar- 
bons should all be carcinogens and should all 
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have the capacity for inducing a_ similar 
acute intoxication syndrome would seem to 
be more than coincidental. Many technical 
difficulties in modes of administration and 
considerations of pathways of metabolism 
clearly have to be overcome before a strict 
comparison can be made between these 
various agents; in spite of this, the qualita- 
tive morphological features observed seem 


worthy of considerable attention, 


Summary 


Swiss mice were painted on the skin with 
daily large doses of the carcinogens 9,10- 
dimethyl-1,2-benzanthracene (DMBA), 3,4- 
benzpyrene (BP), and 20-methylcholan- 
threne (MC). 

All the animals treated with DMBA died 
from a delayed intoxication before any 
tumors arose, 

Many tumors were induced with a very 
short latent period with BP and MC, 

Pathological studies of the tissues of ani- 
mals dying after treatment with DMBA re- 
vealed characteristic changes in the spleen, 
lymph nodes, bone marrow, and blood pic- 
ture, 

Intraperitoneal studies with large doses of 
DMBA, BP, and MC revealed that all three 
of these carcinogens could induce the same 
qualitative pathological lesions in the hema 
topoietic system. In contrast to this the 
noncarcinogenic hydrocarbons anthracene 
and fluorene, did not induce any manifesta- 
tions of toxicity. 

The lesions induced have been found to be 
closely comparable to the lesions induced 
with large doses of ionizing radiations and 
to those following intoxication with mechlor- 
ethamine hydrochloride (nitrogen mustard ). 

Drs. Henry Rappaport and Jean Sicé made 
suggestions, and Miss Kay Spencer and Mr. Robert 


Feldman provided technical assistance. Photo- 


graphs were taken by Mr. Thomas Scanlan 


Division of Oncology, Chicago Medical School, 
2755 W. 15th St. (8) 
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On Thymolipomas 


RAUF Z. UNVER, M.D., Akron, Ohio 


Lipomas of the mediastinum are fairly 
rare, only about 50 cases having been 
described. rarer are thymolipomas, 
fatty tumors that contain a varying amount 
of thymic elements. Lange * can be credited 
with the first description of this tumor. 
Considering the fact that he published it as 
long as 40 years ago it is surprising to find 
only 13 reports dealing with thymolipomas 
in the literature, 

As far as | could determine none of the 
papers published offers a review of the 
complete group of these cases. It was there 
fore thought worth while to summarize 
shortly the clinical, pathological, and roent 
genological findings of these tumors as well 
as to add a 14th case to this group. 


Report of a Case 


An asymptomatic 26-year-old white man—water 
treater for boilers by profession—was admitted 


Submitted for publication June 5, 1957 
From the laboratory services of St. Thomas 


Hospital 


hig Anteriorposterior view 


Fig, 2.—Right oblique view 


to St. Thomas Hospital on Feb. 1, 1954. He had 
been refused induction in one of the armed 
services because of a “malformed heart” nine years 
previously. He was told of a tumor in his chest 
after a routine chest x-ray that had been taken 
one year prior to admission 

The past history and physical examination were 
negative in all respects. Mild albuminuria was 
the only positive laboratory finding 

Chest x-rays (Figs. 1 and 2) revealed a well- 
circumscribed homogenous mass extending from 
the left hilum into the periphery of the left lung 
field and measuring approximately 16x88 cm. It 
seemed to originate from the mediastinum at the 
level of the left hilum. There were no other 
changes of the thoracic contents. The trachea was 
in midline, and the configuration and size of the 
heart were unchanged. The bony structures were 
preserved 

The mass was again identified by fluoroscopy 
No abnormal pulsations were noticed. The 
esophagus was unchanged and not deviated. The 
spine and other bony structures were unchanged. 

Interpretation: Solitary mass or cyst arising 
from the mediastinum. “An enterogenous or the 


so-called clear water cyst of the lung must be con- 
sidered.” 
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The patient was subjected to surgery, and a 
long posterior lateral incision was made curving 
underneath the left scapula and parallel to the 
ribs. It was carried down through the subcutaneous 
fascia to the muscles. Hemostasis was effected by 
electrocautery. The muscle layers were divided and 
hemostasis secured. The sixth rib was identified 
and the fourth, fifth, sixth, seventh, and eighth 
intercostal infiltrated with 1% procaine. 
A long segment of the sixth rib was then removed 
subperiosteally. A the fifth rib 
Sub- 
costal periosteum and pleura were incised, and the 
pleural cavity was entered 
found in the 
tached to the 


nerves 
small section of 
was removed at the costovertebral angle. 


\ large tumor mass was 
firmly at- 
arch of the 
This mass was dissected free in its entirety 


anterior mediastinum, 


esophagus and the 
aorta 
with very little bleeding. The pleural space was 
drained with an angle catheter which was brought 
out at the posterior axillary line through a stab 


wound below the incision. The chest was closed 
in layers with interrupted 000 nonabsorable surgical 
(silk) and 
pleura, interrupted 000 silk to the muscle in two 
Sterile 


dressing was applied and the patient returned to 


sutures to the subcostal periosteum 


layers, and interrupted silk to the skin 


the ward for water seal drainage. 


Pathological Findings 


The tumor was light tan, well encapsulated, 
and of soft consistency. It measured 16.5» 
118.5 cm. 
bulging and somewhat lobular in structure. 


The cut surface was slightly 


It was pale yellow and resembled fat tissue. 


Microscopic sections (Fig. 3) revealed ma 


Hematoxylin 


Fig. 3 
eosin stain; * 140 


ture fat intermingled throughout the tumor, 
with strands of connective tissue, accumula- 
tions of lymphocytes, small numbers of Has- 
sall corpuscles, and occasional small calcifi- 
cations. The lymphocytes were uniform, and 
malignant changes could nowhere be seen. 
The patient was discharged 10 days after 
the operation. He returned to his previous 
occupation and has been well ever since. 


Comment 

The 14 cases reviewed (Table) show an 
age spread of the patients ranging from 10 
to 58 years. They were about evenly dis- 
tributed within the first to the fifth decades. 
Only one case occurred at an age over 50.* 
The sex distribution is evenly divided be- 
tween males and females. All patients were 
Two of them showed weight 
No clini- 
cal symptoms were reported in five of the 


Caucasians, 
loss before removal of the tumor. 
cases, The manifestations of the other nine 
consisted of coughing on exertion, dyspnea, 
fatigue, and chest pain. One had bloody 
sputum. The cough of the others was non 


productive. The severity of the symptoms 
was roughly parallel to the size of the tumor. 


The largest of the tumors * apparently was 
the only one causing edema of the ankles. 
All tumors were located within the anterior 


mediastinum. Three of the fourteen were in 
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No. Age Sex Race Manifestations Location 


M Dyspnea & cough Anterior 

left chest 

‘ W Paroxysmal cough; Anterior 

bloody sputum left chest 

5 “4 M W Asymptomatic Over 

pericardium 

10 W External chest Anterior 
pain, 6 mo mediastinum 

12 W Asymptomatic Anterior 


left chest 
4 47 M W Shortness of breath, Anterior 


fatigue, & edema left chest 

6 22 M W Mild nonproductive Anterior upper 
cough & chest pain mediastinum 

il 35 WExertional dyspnea; Anterior medias 


nonproductive cough  tinum over 
vericardium 
2 w F W None n left inferior 
hemithorax 
Chemical anal ysis lipids) 
M W None Anterior right 
chest 
Anterior medias- 
tinum extending 
downward from 
right lobe of 
thymus 
Anterior medias- 
tinum posterior 
& lateral to heart 
7 7 M W None Pedunculated 
tumor in anterior 
mediastinum & 


13 42 i W None 


Reported case 
2 M W None Anterior medias- 


tinum 


cidentally discovered at postmortem exam- 


ination. These are without x-ray reports. 
All tumors were well encapsulated, lobu- 
lar, and of soft consistency. Only two tu- 
mors were described as “firm.”** The 
weight of 11 of the 14 tumors ranged from 
350 to 6000 gm. and their greatest diameters 
ranged from 12 to 34 cm. Connective tissue 
capsules of varying thicknesses are men- 
tioned. Fibrous tissue septa protrude from 
the capsules into the tumor, often carrying 
blood vessels. The main substance of the 
tumors consisted of mature adipose tissue. 
Irregularly distributed within this tissue 
were preserved and sometimes atrophic Has 
sall corpuscles often surrounded by thymic 
lymphocytes. Considering the size of the 
tumors it is likely that the absolute amount 
of thymic elements is increased as compared 
to the amount of thymic tissue ordinarily 
found in persons of the corresponding age 
groups. This thought has been previously 
expressed by Falor and Ferro.”* If this is 
actually the case it would mean that elements 
of thymic tissue actively participate in form- 
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Tumor 


Weight - - 
Loss, Weight, Size, 
Lb. (Kg.) Gm, Cm, X-Ray Findings 


None 2,235 26X24X7.5 Mass in left hemithorax 


None 170 12x9x4.5 Welloutlined tumor extend- 
ing to the right 

None Well-circumscribed & radio- 
lucent mass to the left 

None 70 mass in right anterior 
mediastinum 

18(8.2) 2,250 32K Large radiopaque mass in 


right hemithorax 
None 6,000 =—Bhifting of the mediastinum 
to the right with generalized 
opaque density of lung fields 


2009.1) 540 2xK1SKA Anterior lobulated mass in the 
right cardiophrenic angle 

None 625 2x19 Mediastinal tumor mass, right 

None 350 12X9X5.7 Homogenous opacity at in- 


ferior left hemithorax project- 
ing over heart 

None 1,142 22x 166 Triangular shaped shadow to 
the right of the heart 

None 1,600 24x19xs None (autopsy) 


None Isxo None (autopsy) 


None 1,100 None (autopsy) 


None 16.5X11 Homogenous mass in level of 
KAS left hilum, nonpulsating 


ing the tumor. Growth anomalies, however, 
have not been reported in any case of this 
series. The participation of adipose tissue, 
of course, is obvious. The possibility of a 
congenital nature of these tumors has to be 
considered even in the absence of growth 
disturbances. The youngest patient * was a 
10-year-old girl, who had the smallest tumor 
(170 gm.) of the group. In the absence 
of symptoms and with the slow rate of 
growth of these tumors it is quite likely that 
many years may elapse before their more or 
less incidental discovery 


Summary 


One case of thymolipoma is added to 
thirteen previously published ones. The 
clinical and pathological features of these 
benign tumors are outlined 


St. Thomas Hospital. 
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News and Comment 


PERSONAL 


Retirement of Lieut. Col. Thomas C. Jones.—Lieut. Col. Thomas C. Jones, Veterinary 
Corps, U. S. Army, retired from the Army on July 31, 1957, 


after more than 21 years of 
active duty 


He has become pathologist at the Angell Memorial Animal Hospital in Boston, 
where he will also be a part-time member of the Department of Pathology of the Harvard 


Medical School and Consultant to the New England Cancer Research Institute 


GENERAL NEWS 


Meeting of American Society for Experimental Pathology.—Jhe annual business 


meeting of the American Society for Experimental Pathology was held in the Sheraton 
Blackstone Hotel, Chicago, on April 16, 1957 


The meeting was called to order at 4°30 p. m. by the President, Dr. Frank Hartman 
Seventy-three members were present 
The minutes of the 1956 meeting held at Atlantic City, N 


1, were approved as published 
and previously distributed by the Secretary to all members 


The Secretary-Treasurer’s annual financial report (audited by Drs. Stewart and McManus) 
was approved (lexhibit A, April 1, 1957, in the office of the Secretary). The financial assets 
(April 1, 1957), $3274.30, of which $3012.92 is in savings account and $261.33 in checking 
account balance; net change (gain) in 1956-1957 was $243.40. The Society annual dues were 
$ for 1956-1957, of which $4 per member was paid to the F. A. S. E. B. as A. S. E. P 
assessment to Federation. Unpaid dues for 1956-1957, 10 delinquent members, $64; dues paid 
in advance, $11. Past dues paid during 1956-1957, $37 (six members). A. S. E. P 


members 
contributed $202 during 1956-1957, forwarded through A. S. E. P 


Secretary's office 

The Secretary's annual report was as follows: The Society has 501 members, 469 active 
and 22 retired. The members of this Society who died, as reported to the Secretary during 
1956-1957, were John A. Saxton Jr. (Aug 1, 1956); Edgar M. Medlar (Aug. 1, 1956); 
Harold L. Amoss (Nov. 3, 1956); George Gomori (1957); John W. Hall (March 19, 1957). 
By motion duly made, seconded, and carried, “the Secretary is requested to include in the 
minutes the resolution expressing the sorrow of members of this Society; the A. S. E. P 
honors the memory of these distinguished members.” 

ty motion duly made, seconded, and carried, “The resignation of Marion E. Howard 
was accepted; the requests for change im status from active to retired recommended by the 
council was approved for George H. Whipple, E. B. Krumbhaar, E. C. Rosenow, George 
R. Lacy, Howard T. Karsner, M. A. Blankenhorn, Alan M. Chesney, Reuben L. Kak 
Kendall 

Report on 
(Cyrus 
in 1959 


Edward 


Federation Board, Federation Secretaries Meeting and program arrangements 
Lnickson): The Federation will meet in Philadelphia in 1958, Atlantic City, N. J., 


The new style of offset printing used for publishing abstracts and other proposed publica 
tion changes were discussed; lack of requested discussion was presumed to indicate favorable 
acceptance or approval. The proposal that abstracts and program be printed in “one pocket- 
sized volume” was presented and disapproved 

The total number of papers for 1957 A. S. EL P 


meeting was 126; of these, 32 papers 
were presented at intersociety sessions 


Further discussion and evaluation of intersociety ses- 
sions was requested by the Secretary 


A special intersociety session on “Tissue Culture” was announced for the 1958 meetings 
(Biochemical, Immunological, and Pathological Societies), and papers in this field were 


requested for 1958 session 


A report of actions by the Council was made, and the following recommendations of the 
Council were approved 


(a) The dues assessment will be $6 per member for 1957-1958. 
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NEWS AND COMMENT 


(b) A report of a Federation Committee, appointed “to consider improvements in the 
constitution of the Federation,” recommended “elimination of requirement for unanimous 
constituent society approval would greatly facilitate the effectiveness of the Federation” (Sec 
3 of Art. I, Fed. Const.). In the first sentence, the last clause, replace “Two representatives 
of each Society by a two thirds vote of Federation Board members present.” (At present, 
Federation Board action requires approval of all six constituent societies, two of the three 
members of each Society on Board approving.) 

The A. S. E. P. Council recommends disapproval. This proposal is opposed because the 
change would in effect make this a Federation Society rather than the Federation of 
American Societies for Experimental Biology. The Council of the A. S. E. P. believes the 
present constitution with reference to article of constitution referred to has not only per- 
mitted efficient and effective discharge of its objectives, but this constitutional provision as 
established has served a useful purpose. By motion duly made, seconded, and approved 

(c) The outline of a proposal for “Experimental Federation Sessions” submitted to the 
Council was described. The proposal: “That a topic of broad significance and interest be 
treated over a period of two successive years in Federation Sessions, combining features of a 
symposium, panel discussion and work conference, with production of book.” By motion duly 
made, seconded, and passed the Council recommendation opposing this proposal was accepted 

Reports of Committees —Committee on Awards: Dr. John Kidd, Chairman, discussed the 
work and actions of the committee in nominating the winner of First Annual Parke-Davis 
Award in Experimental Pathology. Dr. Kidd described the 1957 nomination for this award 
as “outstanding.” Criteria for nomination may be based on a single exceptional meritorious 
contribution or continued outstanding work by the nominee through the period up to maximum 
age of eligibility of 40 years 

The following recommendations were made: (a) Every effort should be made to stimulate 
wide interest. Announcement of award and deadline date for submission of nominations by 
Jan. 10 should be included in an early fall issue of the ArkcHIves, announcements should appear 
in other pathology journals. (b) Each member should consider potential candidates for 
nomination and forward nominations to the committee. (c¢) Annual Society notice should be 
mailed apart from general information letter sent to members concerning annual meeting 
(d) Move thatythe Society again express its gratitude and appreciation to Parke-Davis for 
making this award possible. (Report accepted and approved.) 

Membership Committee: Dr. Emory Warner reported on the interest and cooperation of 
Committee and members in nominating candidates for 1956-1957. He called attention to need 
to “look for” and nominate qualified candidates—especially those who would contribute and 
take an active part in annual meetings of this Society 

Committee on Nutritional Pathology: Chairman, Dr. Russell Holman (discussed by Dr 
Richard Follis). Working with the committee of the American Institute of Nutrition it is 
the chief objective of this committee to foster and aid the activities of the Registry of 
Nutritional Pathology. It was emphasized that this Registry can provide in the future valuable 
teaching material for members. The Registry is glad to receive material in field of Nutritional 
Pathology. Because of lack of suitable material in nutritional diseases in this country the 
Registry has gone to other countries and acquired large amount of material, particularly 
dealing with bone diseases. Dr. Hartman, “This area of study is very important to the 
Defense Department; urge that we should increase our efforts to aid this project.” 

Federation Public Relations Committee: Dr. Robert Wissler reviewed the status of the 
proposed plan for a “year around” public education and public relations program by the 
Federation. He discussed and recommended that the A. S. E. P. approve the Federation 
committee proposal “that the Federation Board establish a ‘Fact Finding Activity’ to provide 
information. Proposed plan to have meeting with Joint Committee of A. B. L. and Federation 
Committee.” It was duly moved, seconded, and passed to approve Dr. Wissler’s recommenda 
tion. 

Publications Committee: In the absence of the Chairman (Dr. W. B. Wartman), Dr 
Erickson reported on the arrangements and status of affiliation of the A. S. E. P. with the 
A.M. A. ArcHives og PATHOLOGY. 

Dr. Paul Cannon, Editor of the Axcnuives, discussed the progress and future of this 
affiliation. He reported that Drs. D. Murray Angevine and Harold Stewart have been 
nominated from A. S. E, P. to the Editorial Board, 
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Dr. Cannon stated he was gratified by the arrangement with the A. S. E. P., and described 
the flexible attitude and interest of the A.M.A. in proposed changes in keeping with the 
affiliation of the A. S. E. P. Dr. Cannon noted the request of the A. S. E. P. to have 
the affiliation of A. S. E. P. included on front page as well as on masthead; he expressed 
belief this would be accomplished 


The following nominations (56) for membership were recommended by the Council and 
were duly elected to membership by unanimous vote of the members present : 


Andresen, Richard H teckfield, William J Blankenhorn, David H 
Blunt, J. Wallace, Jr Braunstein, Herbert Brown, Arnold L., Ir 
jrunson, Joel Garrett Casarett, George W Eklund, Carl M 
Egdahl, Richard H Evans, Virginia J. Farr, Richard S. 
Fogg, Lloyd C Fried, George H. Foley, George E 
Fitch, Frank W Hamilton, John D Handler, Alfred H 
Harkin, James ( Homburger, Freddy Imagawa, David T 
Kent, Sidney I Kotin, Paul Kulka, Johannes P 
Lacy, Paul F Landing, Benjamin H Langdell, Robert D 
Lange, Kurt Loring, William FE Margolis, George 
Meissner, William A Moore, Richard D Nelson, Eric L 
Nichols, John M Norman, Tom D Ortega, Paul 
Paterson, James ( Philpot, Van B., Jr Pollak, Otakar ] 
Pribor, Hugo ¢ Roizin, Leon Ross, Oscar Alan 
Rust, John H Sanford, Katherine K Scarpelli, Dante G 
Schepers, Gerrit W. H Shelton, Emma Smith, Richard T. 
Stanton, Mear! F Stern, Kurt Stoner, Richard D. 
Taylor, Harold } Tompkins, Victor N Van Lancker, Julien L 
Vernier, Robert L Wattenberg, Lee W. 


The following officers and councilors were elected for the period July 1, 1957, through 
June 30, 1958: President, Emory D. Warner; Vice-President, William B. Wartman; Secretary- 
Treasurer, J. F) A. MeManus; Councillors, Cyrus C. Erickson (1957-1958), Jacob Furth 
(1957-1959), incoming member; Past-President, Frank W. Hartman, 


sy motion duly made, seconded and approved, “A unanimous vote of thanks and approval 
to the retiring officers for their work for the A. S. FE. P.” 


The meeting was adjourned. 
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Books 


J. A. M.A. Clinical Abstracts of Diagnosis and Treatment. Edited by I. Phillips Froh- 
man, M.D. Price, $5.50. Pp. 554. Intercontinental Medical Book Corporation with 
Grune & Stratton, Inec., 381 Fourth Ave. New York 16; 99 Great Russell St., London, 
W. C. 1, 1957 


This 1957 compilation of clinical abstracts on diagnosis and treatment, which appeared 
in the “Medical Literature Abstracts” section of the Journal of the American Medical Asso- 
ciation during 1956, has innovations which greatly enhance its usefulness. Now the abstracts 
culled from more than 1200 medical periodicals have been removed from their medical specialty 
category and regrouped together under the organ system concerned. This allows the recent 
developments in surgery, internal medicine, pathology, etc. to be found together. The care 
taken in the selection and the regrouping of abstracts permits the busy physician more 
economical use of his time to keep in contact with the recent clinical developments, and to 


obtain “ a critical view of a year’s progress in medicine.” 


Human Cancer: A Manual for Students and Physicians. By Maurice M. Black, M.D., 
and Francis D. Speer, M.D., F.A.C.P. Price, $7.50. Pp. 273, with 34 illustrations. The 
Year Book Publishers, Inc., 200 E. Illinois St., Chicago 11, 1957. 

The first chapters deal briefly with detection, origin, biology, biochemistry, and therapy 
of human cancer. These are short chapters, but they condense a great deal of the recent 
pertinent information related to the general knowledge of human cancer. The remaining part 
of the book outlines information about the more frequent and important types of cancer 
Rather terse factual comments are made concerning the incidence of the specific neoplasm, 
age incidence, signs and symptoms, structure, metastases, treatment, and prognosis, The 
references at the end of each section are excellent and, as far as the main review articles 
are concerned, complete. The succinct compilation of facts and ideas makes for slow but 
rewarding progress; however, peripheral reading is essential. The book would be useful for 
any medical student, particularly those being introduced to human cancer in their formal 
pathology course. Other nonspecialists can utilize this book for refreshing their knowledge 
and for obtaining access to the literature 


Signs and Symptoms: Applied Pathologic Physiology and Clinical Interpretation. Third 
edition. By Cyril Mitchell MacBryde, A.B., M.D., F.A.C.P. Price, $12. Pp. 973, with 
191 illustrations and 6 color plates. J. B. Lippincott Company, 227-231 S. 6th St., 
Philadelphia 5, 1957 


The purpose of this book, as the editor stated in the preface to the first edition, is “to 
give the basis for analysis and interpretation of some of the commonest symptoms which 
bring patients to the physician. Emphasis is placed upon the pathologic physiology of the 
symptom. . . .” which is of primary importance in diagnosis. This third edition adheres to 
these original aims but has now been expanded to contain more than twice the number of 
pages by a third again as many contributors as in that first edition. It has not yet become a 
comprehensive review of diagnoses arranged by symptoms to compete with French's classic 
“Index of Differential Diagnosis” but gives a more thorough treatment of some of the more 
frequent presenting symptoms encountered in clinical practice. 

As in previous editions, discussions of the pathophysiology of each symptom are accom- 
panied by references to related clinical features of diagnostic importance. Each chapter of 
the second edition has been carefully revised, and new chapters have been included on Growth 
and Sex Development, Lymphadenopathy and Diseases of the Lymphatic System, and 
Generalized Vasospasm and Arterial Hypertension. The latter section, while presenting a 
broad discussion of factors influencing the blood pressure in various aspects of the vascular 
tree, provides little information of diagnostic value. In fact, this also epitomizes a few other 
sections of the book in which the dissertation on pathological physiology becomes diffusive 
pedantry that tends to detract from and dilute the more vital discussion of the diagnostic 
significance of clinical signs and symptoms. This is not true of the book as a whole, and that 
it does not occur more often is a tribute to the editor. 
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The introductory chapter on history taking is excellent and should be read by all medical 
students, and the extensive description of various patterns of pain could profitably be reviewed 
by any practitioner. The discussions on fever, syncope, tachycardia, pathological bleeding, 
disturbance of consciousness, and pruritus, to mention only a few of the chapters, provide a 
wealth of practical information in readable form. Fair indexing and the free use of subtitles 
help to make this material readily available for quick reference by the busy practitioner. The 
general level of scholarship maintained by the authoritative contributors is high, and both the 
extent and the limitations of our knowledge of the bases for symptoms are carefully defined 
There can be no doubt that this volume is a useful adjunct to a texthook of medicine in every 
doctor's library 


The Doctor as a Witness. By John Evarts Tracy. Price, $4.25. Pp 
Saunders Company, 218 W. Washington Sq., Philadelphia 5, 1957 


The author of this excellent little book is an emeritus professor of law of the University 
of Michigan. It is not a textbook, nor is it intended to be one. This is written solely as a 


source of information for the physician who knows little if anything about legal procedures 
in which he may be involved as a witness. After an elementary general introduction to provide 
insight about court procedures and the operation of the law he covers in somewhat greater 
detail the legal procedures in which doctors may be involved. These are covered in twelve 
chapters, entitled as follows: The Doctor is Called as a Witness in a Legal Proceeding; 
The Privileges and Obligations of the Doctor-Witness; Opinion Evidence and Expert Testi 
mony; Direct Examination of the Doctor-Witness; Cross-Examination; Testimony on the 
Issue of Insanity; Testimony in Workmen's Compensation Proceedings; Testimony in Mal 
practice Cases; Preparation for Trial or Hearing; What Makes a Good Medical Witness; 
The Compensation of the Doctor-Witness, and Proposed Improvements in the Law as to the 
Use of Expert Medical Testimony. Although the entire book is pertinent and the material 
well presented, the average physician will find some chapters particularly interesting. The 
chapters on direct and cross examination gives much information about types of admissable 
evidence; the use of official records, graphs, and charts, as well as rules of evidence and 
hearsay evidence, I.ven more important it tells how the doctor should behave in both direct 
and cross examinations and the pitfalls to be avoided. The chapters on malpractice cases, 
preparation for trial and hearing, and the factors that make a good medical witness are all of 
particular interest to all physicians who have never heen involved in legal proceedings. The 
fear of testifying that many doctors have will be dispelled after they have read this very 
readable little book. It would be excellent preparation for an anticipated court appearance. 
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J. MELVIN FREED COMPANY 


InTRoDUCES THE NEW Alle vox 


for pre-cleaned slides 


THIS HANDY DISPENSER 
TYPE CONTAINER... 


a Keeps micro-slides in compact 
vertical position always! 


7 Avoids fingermarks on slide 
surfaces! 


Mokes them easier to handle! 
_ push tabs in 


and slides 
Stand-Rite , 


The Freed Company follows up its development and full scale production of pre-cleaned 
micro-slides of May 1955, with the creation of a proper dispenser type container — the 
Stand-Rite Box — to inswre maximum cleanliness and ease of handling of these slides. 


J. MELVIN FREED, INC. - - - Perkasie, Pa. 
MAKERS OF HIGHEST QUALITY LABORATORY MATERIALS SINCE 1920 


PRE-CLEANED MICROSCOPE CULTURE SLIDES FLAT GLASS SPECIALTIES 
Products Sold Only Through Laboratory and Hospital Supply Dealers 
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ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
All of problems confronting the alcoholic are discussed. 
these articles have 
appeared in TODAY'S HEALTH ALCOHOL AND CIRRHOSIS OF THE LIVER 
Relationship between alcohol, diet and cirrhosis. Increasing 


stress on nutritional differences. 
in one pamphlet, by Russell S. Boles 


and are now available 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 
by Edward A. Strecker and Francis T. Chambers, Jr. 


ALCOHOLISM THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
by Lewis Inman Sharp 


an 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 


important Its place among methods of treatment today, 


its development and correlation with personality factors. 
by Walter L. Voegtlin 


problem 


INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 


° Comparative differences, in drinking, with 
in today S living the last century, new establishments and methods of treatment, 
lack of trained personnel. 
by E. H. L. Corwin 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 
A discussion of the dangers of mixing alcohol and har- 
biturates. 

Donald A. Dukelow 

4 pages, 10 cents 


ADDRESS REQUESTS TO: 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 
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SARTORIUS U:36 


NEW Model Rotary Microtome 


a worthy companionpiece to the popular Sartorius 


No. 27 Freezing Microtome 


equally sturdy 
equally convenient 
equally accurate 
and 

equally modern 


All controls on one side 


Cc. A. BRINKMANN & CO. 
115 CUTTERMILL ROAD 
Great Neck, N. Y. 


Easily cleaned light enamel finish 


Immediate delivery! 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 


bk EAR i have your patients read; 


HEALTHY HEARTS 
A collection of Hygeia articles: The War Against Heart Dis- 


DISEASE eases Still Rages, Hearts in the Breaking, Preventing Heart 
Attacks, Heart Diseases of Middle Life. 


20 pages, 20 cents 


In relation to overweight, hardening of the arteries, high blood 


AN IMAISCIMINALE diabetes 


8 pages, 15 cents 


; HEART ATTACK 
killer, | 
Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 
12 pages, 15 cents 


touching 


A KITCHEN FOR THE “TAKE-IT-EASY" COOK 

Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen, Illustrated. 

the young by Anna May Wilson 
16 pages, 20 cents 

or old WRITE TO: 

BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 
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speeding up a “normal’’ can be dangerous 


For the patient's safety, a prothrombin con- 
trol plasma must give true normal values. 
Faster times lead to false interpretation of 
the prothrombin time test, since the clinician 
regulates anticoagulant therapy against the 
“normal.” Diagnostic Plasma Warner-Chilcott 
is the only commercially available prepara- 
tion which is controlled to give the same 
results as fresh pooled human plasma. Other 
control plasmas are artificially adjusted so 
that the prothrombin time is speeded up, and 
thus may become a source of danger to the 
patient. 


The Test of Safety. You can perform a simple 
test to demonstrate the superiority of Diag- 
nostic Plasma. First, take 3 vials of Diagnostic 
Plasma and run prothrombin time determina- 
tions on each in the usual way. 


Then repeat, using a sample of 3 fresh pooled 
human plasmas and 3 different vials of any 
other control plasma. Use the same thrombo- 
plastin preparation throughout. Only Diag- 
nostic Plasma gives the same values as fresh 
pooled human plasma, assuring valid inter- 
pretation of prothrombin times. We will be 
glad to send you 3 vials of Diagnostic Plasma 
to help you make this comparison. 
Simple to Use. Diagnostic Plasma provides 
we with a convenient supply of fresh normal 
uman plasma, ready for use with just the 
addition of -distilled water. It is now also 
being used in bacteriology laboratories in the 
coagulase test for the identification of patho- 
genic staphylococci. 
Available from laboratory su 


ly distributors 
in boxes of 10 “no-waste” vi $9.00. 


Diagnostic Plasma 


WARNER-CHILCOTT 


WARNER -CHILCOTT 


Q 


© Please send me, without charge, three vials 
of Diagnostic Plasma Warner-Chilcott. 


© Please furnish name of nearest distributor. 
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Paragon Tray Drawer Cabinet 


Low Cost 


FOR FILING 
MICROSCOPIC SLIDES 3 x 1” 
KODACHROME TRANSPARENCIES 
2x 2” SLIDES 
LANTERN SLIDES 
(up to 34% 
PETROGRAPHIC SLIDES 

When you purchase a 
PARAGON TRAY DRAWER CABINET 


YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—18™% x 15% x 4% 


All Paragon Tray Drawer Cabinets are 
manufactured in standard sizes so that any 
number of sections may be interlocked to 
form one cabinet to accommodate any num- 
ber of varied slides. The dimensions of the 
different cabinets are the same as to length 
and width, varying only in height. The 
cabinet formed by interlocking may be 18% 
x 15%; 183% x 11 or 18% x 5 or it may be 
a pyramid with the sections varying in 


width. C221—Capacity 1500 Slides—18% x 11 x 3% 
For Filing KODACHROME TRANS- 
PARENCIES and 2 x 2” SLIDES 


SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of reinforced steel 
construction, olive green finish. Interlocking device enables several units to be joined into 
one. Each sectional unit contains removable drawers with hand grip in front and rear. 
Interlocking steel base obtainable whenever required. Constructed according to rigid 
specifications—not merely adapted. 


Address your orders and inquiries to Dept. P. 
Manufactured Exclusively by 


PARAGON C. & ©. CO, inc. - 2540 Beimont Ave., New York 58, N.Y. 
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the section 
is the payoff 


The better tissues you get with it 
are the ultimate proof of the 
Autotechnicon’s worth. Processing 
is always dependably uniform, 


staining always diagnostically 


tworthy. And you get finished 


*s faster... thanks to the 


echnicor® 


first name... and last word 
in histologic processing 


THE TECHNICON COMPANY | 
Chauncey + New York 
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